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CONTRIBUTIONS  TO  THE  BIOCHEMISTRY  OF  IODINE. 

n.  THE  DISTRIBUTION  OP  IODINE  IN  PLANT  AND 
ANIMAL  TISSUES. 

PART  II. 

By  a.  T.  CAMERON. 

{From  the  Department  of  Physiology  and  Physiological  Chemistry, 
University  of  Manitoba.) 

(Received  for  publication,  July  6,  1915.) 

In  Part  I  of  this  paper^  I  gave  a  summary  of  known  data,  to- 
gether with  a  number  of  fresh  facts,  especially  from  results  ob- 
tained for  marine  species.  A  number  of  conclusions  were  drawn, 
of  which  the  following  may  be  regarded  as  most  important. 

''Iodine  appears  to  be  an  invariable  constituent  of  all  marine  Algae,  in 
amounts  greater  than  0.001  per  cent.  There  does  not  appear  to  be  any 
specific  dLOference  between  the  amounts  present  in  Brown  and  Red  Algae. 
•  .  .  .  The  results  for  Green  Algae  are  too  few  to  permit  of  a  similar 
§Bneralisation.  Distinct  variation  of  iodine  content  can  occur  in  the  same 
wpecies,  growing  under  almost  the  same  conditions,  and  in  different  but 
eioeely  related  species.  ...  On  the  other  hand,  the  marked  difference 
between  fresh-water  plants  and  vegetables  on  the  one  hand,  and  marine 
Algae  on  the  other,  is  due  to  difference  in  the  iodine  content  of  the  environ- 


1  Cameron,  A.  T.,  Jour.  Biol.  Chem.,  1914,  xviii,  335.  The  following 
errata  are  in  Part  I : 

p.  350,  line  43,  should  read  "Fucus  cvanescens,  Nanaimo,  B.  C. 

♦   *   *   ♦  0.013  per  cent." 
p.  364,  line  7,  should  read  "Squalus  sucklii  (pups)    *   *   *   ♦  0.00 
per  cent." 

p.  367,  ref .  85,  should  read  ''Arch.  Int.  Med.,  iv,  p.  261,  1909." 
p.  368,  line  2,  should  read  "Dog-fish  (Squalus  sucklii)  (f);  0.195 
(per  cent  iodine) ;   ♦   *   *   *  0.011  (mg.  iodine  per  kg.  animal)." 
Further,  Dr.  A.  Hunter  has  drawn  ray  attention  to  the  figure  quoted 
ae  maximum  iodine  content  for  sheep's  thyroid  (p.  367),  which  should 
be  "sheep  thyroids,  0.58  per  cent"  (Simpson,  S.,  and  Hunter,  A.,  Quart. 
Jour.  Exper.  Physiol.,  1911,  iv,  263). 
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meat,  and  therefore  in  the  diet  of  the  plants.  The  difference  in  content  in 
different  species  of  vegetables  (Bourcet)  parallels  that  in  different  spooies 
oi  Algae  growing  under  similar  conditions,  and  suggests  a  specific  quanti- 
tative action  of  the  plant  cell  in  retaining  iodine. 

''Iodine  is  present  in  appreciable  quantities  in  certain  tissues  of  all 
marine  species.  As  we  get  higher  in  the  scale  there  is  more  differentiation 
(and  probably  less  total  iodine  in  the  whole  organism)  until  in  vertebrates 
thyroid  tissue  alone  is  of  consequence.    .    .  . 

''Of  mammalian  tissue,  the  thyroid  alone  is  of  importance  in  connection 
with  the  storage  of  iodine.  ...  It  (the  amoimt  of  iodine)  is  less  than 
0.001  per  cent  in  all  non-thyroid  tissue. 

"In  thyroid  tissue  marked  variations  of  iodine  content  occur,  both  in 
individuals  of  the  same  species,  and  in  different  species.  Such  variations 
are  all  traceable  to  differences  of  diet.- 

"Iodine  is  an  invariable  constituent  of  normal  thyroid  tissue,  and  under 
normal  conditions  the  diet  always  contains  sufficient  iodine  for  the  upkeep 
of  a  minimal  amount.  The  minimal  quantity  appears  to  be  of  the  order 
0.01  per  cent,  the  maximal  quantity  so  far  observed  being  1.16  per  cent. 

"Three  different  tissues  of  marine  animals,  reported  on  in  this  paper, 
contain  iodine  in  marked  quantity,  the  test  of  the  tunicate  Pyura^  the 
outer  cuticle  of  the  horse-clam  SchizothoeruSj  and  the  inner  tube  of  the  worm 
Diopatra.*' 

Of  the  papers  dealing  with  iodine  which  have  appeared  dur- 
ing the  past  year  the  following  bear  directly  or  indirectlj^  on  the 
distribution  of  the  element  in  living  tissues. 

Seidell  and  Fenger  have  published  further  data  concerned  with  the  sea- 
sonal variation  in  the  iodine  content  of  the  thyroid*  and  consider  that  their 
results  indicate  that  temperature  change  is  the  greatest  factor  in  the  cause 
of  the  seasonal  variation.  They  state :  "On  the  basis  of  our  present  knowl- 
edge it  therefore  seems  improper  to  lay  much  emphasis  upon  the  factor  of 
diet  as  an  explanation  of  the  seasonal  variations  in  thyroid  activity. 
Their  evidence  will  be  discussed  later. 

Hunter  and  Simpson*  find  that  dry  thyroid  tissue  of  sheep  from  the 
Orkneys,  which  feed  normally  during  the  winter  to  a  very  large  extent  on 
sea-woed,  contains  quantities  of  iodine  varying  from  0.418  to  1.050  per  cent 
(different  individuals).  They  are  of  the  opinion  that  this  result  confirms 
the  general  correctness  of  the  view  expressed  in  Part  I  of  this  paper,  "that 
the  variations  in  the  iodine  content  of  thyroid  tissue  are  all  referable  to 
differences  of  diet." 


«  Seidell,  A.,  and  Fenger,  F.,  Hull.  Hyg.  Lab.,  U,  S,  P.  H.  and  M .-H .  5.. 
1914,  xcvi,  67. 

3  Hunter  and  Simpson,  Jour.  Biol.  Chem.,  1915,  xx,  119. 
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Fenger^  finds  that  human  fetal  thyroids  contain  iodine.  The  amounts 
are  somewhat  small  in  comparison  with  those  in  other  animals.  The  result 
confirms  my  conjecture  that  the  negative  figures  for  new-bom  children's 
thyroids  previously  recorded  were  due  simply  to  the  less  accurate  analytical 
methods  available.* 

The  investigators  named  have  all  employed  Hunter's  method  of  analysis. 
Blum  and  Griitzner  have  published  a  series  of  papers  of  which  I  have 
been  unable  to  consult  the  originals.*  These  papers  deal  chiefly  with  the 
condition  of  the  iodine  in  the  thyroid  and  other  tissues.  Kendall^  has 
presented  definite  data  to  show  that  more  than  one  iodine  compound  is 
present  in  the  thyroid,  and  that  these  different  compounds  produce  differ- 
ent physiological  effects,  which  are  not  producible  by  inorganic  iodides. 

In  a  further  visit  to  the  Pacific  Coast  Station  of  the  Dominion 
Biological  Board  (at  Departure  Bay,  B.  C.)  during  the  summer 
of  1914,  I  was  enabled  to  obtain  a  considerable  amount  of  fresh 
niaterial  which  has  since  been  analyzed  in  this  laboratory.  The 
results  of  the  analyses  are  embodied  in  this  paper. 

The  material  was  collected  with  a  view  to  throwing  further  light 
upon  (1)  the  distribution  of  iodine  in  Algae,  (2)  the  presence  of 
wdine  in  such  tissues  as  the  ascidian  test,  the  annelid  worm- 
tube,  and  the  dermis  of  the  foot  of  the  horse-clam,  and  (3)  the 
degree  of  variation  of  iodine  in  fish  thyroids.  In  addition  cer- 
tain other  thyroid  material  was  obtained. 

The  material  was  almost  invariably  either  preserved  in  absolute 
afcohol,  or,  if  of  a  suitable  nature,  air-dried.  In  some  cases,  when 
•  supply  of  alcohol  was  not  available,  the  material  was  preserved 
in  formaldehyde.  Some  evidence  will  be  quoted  to  show  that 
*  this  latter  method  results  in  loss  of  iodine.  Before  analysis  the 
material  was  evaporated  and  dried  at  100°C.  to  constant  weight. 
In  these  analyses  I  have  discarded  Hunter's  method,  and  have 
used  Kendall's  method  as  revised  by  himself.^  This  I  have 
found  to  be  very  satisfactory.  In  my  hands  it  appears  to  have 
two  advantages  over  Hunter's  method:  (1)  the  greater  certainty 
of  a  negative  result  in  the  absence  of  iodine,  and  (2)  the  greater 

*Fenger,  F.,  Jour,  Biol.  Chem.,  1915,  xx,  695. 
'Cameron,  ibid.,  1914,  xvi,  466. 

•Blum,  F.,  and  Grtitzner,  R.,  Ztschr.  J.  physiol.  Cheni.,  1914,  xci,  400, 
*50;  1914,  xeii,  360;  through  Chem.  Abstr.,  1914,  viii,  3587,  3588;  1915,  ix, 
649. 

'Kendall,  E.  C,  Jour,  Biol.  Chem.,  1915,  xx,  501. 
•Kendall,  ibid.,  1914,  xix,  251. 
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convenience  of  bromine  as  an  oxidizing  agent,  instead  of  hypo- 
chlorite. It  is  perhaps  a  little  less  accurate,  since  I  find  that 
duplicate  analyses  do  not  yield  such  good  agreement.  Numerous 
tests  with  organic  materials  containing  no  iodine,  and  with  known 
quantities  of  iodide  have  satisfied  me  that  I  have  employed  the 
method  correctly.  With  regard  to  the  degree  of  accuracy  Kendall 
states  ^*The  results  of  over  two  thousand  determinations  of 
iodine  show  that  the  method  will  detect  as  little  as  0.005  mgm. 
of  iodine.  One  great  advantage  of  the  method  is  the  entire  ab- 
sence of  any  test  for  iodine  in  cases  where  there  is  no  iodine  pres- 
ent. Where  iodine  ranges  from  1  to  5  mgm.  duplicate  determin- 
ations should  not  differ  more  than  0.01  to  0.02  mgm.,  which  means 
a  difference  in  burette  readings  of  but  0.1  to  0.2  cubic  centi- 
meter." 

Working  with  0.5  gram  of  material,  this  gives  a  minimal  limit 
of  0.001  per  cent,  and  a  possible  error  of  2  per  cent  in  duplicate 
analyses.  With  small  amounts  of  iodine  the  difference  is  occa- 
sionally much  greater,  and  the  cause  of  error  is  traceable,  as  Ken- 
dall indicates,  to  over-acidification  with  phosphoric  acid  after 
the  initial  fusion. 

In  doubtful  cases  I  have  carried  out  duplicate  analyses  where 
sufficient  material  was  available.  In  one  or  two  cases  this  could 
not  be  done,  and  the  results  must  for  the  present  remain  un- 
checked; this  illustrates  the  disadvantage,  at  present  irremediable, 
of  carrying  out  the  analyses  at  a  place  so  distant  from  the  source 
of  the  material. 

In  many  cases,  also,  the  material  (e.g.,  certain  tunicates,  and 
annelid  worms)  is  scarce,  and  when  obtained  by  dredging,  the 
amount  obtained  is  more  or  less  a  matter  of  chance,  so  that  it  is 
often  difficult  to  obtain  quantities  even  large  enough  for  a  singte 
analysis. 

The  Iodine  Content  of  Sea  Water, 

An  attempt  to  confirm  Gautier's  results  for  sea  water  (compare 
Part  I,  p.  342)  and  to  trace  a  parallelism  between  iodine  content 
and  specific  gravity  of  the  water  has  not  met  with  success.  Several 
samples  of  the  water  were  evaporated,  following  Gautier's  pro- 
cedure, to  the  point  of  crystallization,  after  addition  of  a  little 
potassium  carbonate  and  hydroxide,  and  were  brought  here  in 

•  Kendall,  Jour,  Biol.  Chem.,  1914,  xix,  256. 
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that  condition,  but  subsequent  analysis  (after  a  somewhat  long 
period)  following  Gautier's  directions,  gave  negative  results 
both  for  organic  and  inorganic  iodine,  indicating  either  a  misuse 
of  the  method,  a  flaw  in  the  method,  or  some  cause  of  error  con- 
nected with  the  delay  between  the  initial  and  final  stages  of  the 
analyses.    I  hope  to  be  able  subsequently  to  examine  this  problem 
more  exactly  and  completely  at  the  Pacific  Coast  Station.  In 
the  meantime  I  shall  assume  that  the  iodine  content  of  sea  water 
is  parallel  to  the  specific  gravity. 

Dr.  McLean  Fraser  and  I  have  carried  out  a  series  of  obser- 
vations, during  the  four  months  June  to  September  inclusive  of 
1914,  of  the  specific  gravity  of  the  surface  water  at  various  parts 
of  the  British  Columbia  Coast.*^  Our  results  lead  to  the  con- 
clusion that  the  relatively  closed  area  (Area  i)  between  Van- 
couver Island  and  the  mainland,  limited  to  the  north  by 
the  Seymour  Narrows,  and  the  Yucultas,  and  to  the  south  b}'' 
the  passages  between  the  islands  lying  southeast  of  Gabriola 
Island,  and  forming  the  southern  limit  of  the  Strait  of  Georgia, 
possesses  a  somewhat  lower  average  density'  (1.018  to  1.019) 
than  waters  further  to  the  north  or  to  the  south  (Area  ii;  average 
density,  1.021  to  1.022).  We  have  found  that  this  appears  to 
condition  the  distribution  of  the  Alga  Macrocystis,  and  the 

HaliotiLS  (absent  from  Area  i),  and  also  that  the  total  halogen 
content  of  the  waters  can  be  regarded  as  proportional  to  the 
specific  gravity.  I  have  also  obtained  definite  evidence  that  the 
growth  of  kelp  is  largely  dependent  on  the  salinity  of  the  contain- 
ing waters."  The  material  of  which  the  analyses  follow  was 
largely  collected  withm  Area  i.  It  seems  probable  that  systematic 
comparison  of  the  same  species  in  the  two  areas  would  show  a 
definite  difference  in  iodine  content.  For  comparison  in  future 
work  the  exact  localities  are  given;  material  from  different  points 
within  Area  i  should  be  capable  of  direct  comparison. 

Area  i. 

(a)  At  the  Biological  Station,  Departure  Bay,  or  at  points  within  half 
a  mile  of  it. 

^"Fraser,  C.  M.,  and  Cameron,  A.  T.,  Variations  in  Density  and  Tem- 
perature in  the  Coastal  Waters  of  British  Columbia,  Contributions  to 
Canadian  BioL,  Ottawa  (in  press). 

'^Cameron,  The  Commercial  Value  of  the  Kelp-Beds  of  the  Pacific  Coast 
of  Canada,  ibid,  (in  press). 
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(b)  North-west  of  the  Station,  in  the  neighborhood  of  Hammond  Bay 
and  the  ''Lagoon." 

(c)  Near  Snake  Island,  two  miles  east  of  the  Station. 

(d)  From  the  sand  flats  off  Protection  Island,  two  miles  south-east  ol  \ 
the  Station.  i 

(e)  In  False  Narrows,  about  eight  miles  south-east  of  the  Station. 

(f)  North  of  Breakwater  Island,  two  miles  east  of  False  Narrows. 

(h)  At  Nanoose,  ten  miles  north-east  of  the  Station. 

(i)  At  North  West  Bay,  twenty  miles  north-east  of  the  Station, 
(j)  At  Belle  Chain,  fifty  miles  south-east  of  the  Station. 

Ot)  At  Trail  Bay,  on  the  B.  C.  mainland. 
Area  it.  ; 

(g)  South  of  Mudge  Island,  two  miles  south  of  False  Narrows. 

(1)  East  of  Ruxton  Island,  fifteen  miles  south-east  of  the  Station. 

(m)  West  of  Porlier  Pass,  twenty  miles  south-east  of  the  Station. 

(n)  Near  the  mouth  of  Barkley  Sound,  West  Coast  of  Vancouver  Island,  i 

(o)  Off  Haddington  Island,  north  of  Vancouver  Island.  ( 

(p)  Off  Suquash,  north  of  Vancouver  Island. 

(q)  Off  Rose  Spit,  Graham  Island  (open  ocean  and  high  salinity) . 

Material  dredged  was  obtained  between  5  and  15  fathoms. 
Fraser  and  Cameron  have  shown  in  the  communication  abready 
referred  to  that  water  from  such  depths  shows  a  slightly  higher 
density  than  that  at  the  surface. 

It  may  be  mentioned  here  that  I  was  informed  by  different 
workers  at  the  Biological  Station  that  the  sand  flats  between 
Protection  and  Newcastle  Islands  (d),  which  are  exposed  at  moder- 
ately low  tides,  smell  distinctly  of  iodoform.  I  confirmed  this 
personally,  and  found  further  that  after  collecting  material 
(chiefly  worm-tubes)  with  my  hands  from  the  sand  of  these  flats 
during  one  or  two  hours  the  hands  also  smelled  distinctly  of  iodo- 
form. It  will  be  observed  that  most  of  the  material  obtained  from 
these  flats  is  rich  in  iodine.  Other  sand  flats,  apparently  similar 
and  similarly  rich  in  iodine-containing  material,  did  not  show 
this  phenomenon. 

Iodine  Content  of  Plants. 

The  only  plants  examined  were  Algae.  A  large  number  of  the 
rarer  species  were  named  for  me  by  Mr.  A.  Klugh,  to  whom  my 
thanks  are  due.  In  a  number  of  cases  numerous  samples  of  the 
same  species  were  obtained  in  the  same  place  for  purpose  of 
comparison,  and  the  results  of  these  are  dealt  with  in  special 
tables. 
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12  Distribution  of  Iodine 

These  samples  were  all  preserved  in  absolute  alcohol,  except 
Nos.  71  to  73,  which  were  preserved  in  10  per  cent  formal. 

The  sample  of  diatoms  contained  80-85  per  cent  of  Melosira 
and  not  more  than  1  per  cent  of  non-diatomaceous  material. 
The  material  was  obtained  by  filtering  a  large  amount  of  surface 
water  from  Departure  Bay.  The  absence  of  iodine  is  unexpected, 
and  somewhat  striking.  Should  further  analyses  of  diatom  ma- 
terial yield  similar  results  it  will  follow  that  diatoms  play  no  part 
in  the  cycle  of  iodine  in  marine  life. 

The  conclusion  that  all  Green,  Brown,  and  Red  Algae  contain 
amounts  of  iodine  greater  than  0.001  per  cent  is  confirmed  by 
the  new  data.  No  Green  Algae  so  far  examined  contain  appre- 
ciably large  amounts  of  iodine.  This  is  not  improbably  connected 
with  the  fact  that  most  of  these  species  grow  in  the  tidal  zone. 

Of  the  Brown  Algae  examined  only  the  Laminariaceae  contain 
marked  amounts  of  iodine;  none  of  the  Red  Algae  recently  ex- 
amined contain  appreciable  amounts. 

An  attempt  to  discover  variations  in  iodine  content  due  to  ex- 
posure was  not  successful.  On  August  20  numerous  samples  of 
a  number  of  species  of  Algae  were  taken  from  a  sloping  rock  on 
the  north  side  of  Jesse  Island,  an  islet  in  Departure  Bay.  The 
specimens  were  growing  under  precisely  similar  conditions  except 
as  regards  height  above  low  water  mark,  and  consequently  degree 
of  exposure  to  the  atmosphere.  In  the  following  table  the  height 
above  low  water  mark  is  given  approximately  by  considering  the 
rock  surface  divided  by  contour  lines  one  foot  apart  vertically. 


Species. 

Ist  foot. 

2nd  foot. 

3rd  foot. 

5th  foot. 

7th  toot. 

9th 
foot. 

13th 
foot. 

14th 
foot. 

(Chlorophyceae) 

MoDOfltroma  f  uwum 

0.006(10) 

0.002(11) 

0.015(12) 

0.029(13) 

Codium  fragile 

0.003(20) 

(Pbaeophyccae) 

Deomarestialigulata 

0.004(23) 

Loathesia  diformia 

0.009(26) 

0.011(27) 

Fucus  f  urcatus 

0.017(80) 

0.015(81) 

0.027(82) 

0.011 

(83) 

Fucus  evaneeccns 

0.016(85) 

0.010(86) 

0.014 

0.016 

0.011 

(87) 

(88) 

(89) 

(Rhodophyceae) 

Chondrus  crispus 

0.009(90) 

Pob'siphonia  tubu- 

late 

0.007(93) 

A.  T.  Cameron 
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The  figures  given  are  percentages  of  iodine,  the  numbers  in  brack- 
ets being  the  sample  numbers  of  the  specimens. 

Figiu^s  for  the  same  species  show  no  regularity;  the  irregular- 
ity is  greater  than  the  error  of  analysis.  The  results  illustrate 
chiefly  the  variation  of  the  individual  plant,  if  not  of  the  individual 
cell.  They  are  all  low.  All  the  high  values  of  iodine  content 
found  are  for  plants  growing  below  low  tide  mark. 

More  definite  conclusions  can  be  drawn  from  comparison  of  the 
same  species  growing  under  the  same  conditions,  but  collected 
at  different  times  of  the  year.  The  following  data  are  available 
from  Parts  I  and  II  of  this  paper  (figures  for  Nereocystis  will  be 
considered  separately).  The  figures  are  percentages  of  iodine. 
The  material  was  all  gathered  in  Departure  Bay. 


Species. 

August,  1913. 

June.  1914. 

August.  1914. 

0.060 

0.156  (small  plants) 
0.176  (medium  siscd 

plants) 
0.015  (averace) 
0.016  (average) 

0.270  (young  plants) 
0.175  (old  plants) 
0.206  (young  plants) 
0.078  (old  plants) 

0.042 
0.028 

0.017  (average) 
0.015  (average) 

These  figures  show  the  effect  of  age  (Laminaria  bullata  and 
saccharina)  and  a  distinct  effect  of  period  of  year,  even  in  plants 
which  are  not  annuals.  The  results  agree  with  Scurti's  data  for 
Sargasmm  and  Cystoseira  (compare  Part  I,  p.  353),  as  do  those 
for  Nereocystis.  Before  considering  the  latter  in  detail  some  de- 
terminations of  the  water  content  of  the  Laminariaceae  will  be 
given.  At  the  beginning  of  the  experiments  an  accurate  balance 
was  not  available,  so  that  some  of  the  figures  are  less  accurate. 
The  samples  were  allowed  to  drain  for  about  an  hour  before  being 
weighed.  The  somewhat  sticky  surface  of  most  of  the  Laminari- 
aceae prevents  the  adherence  of  much  water,  so  that  error  from 
this  source  is  very  slight.  The  material  was  all  heated  at  100°C. 
to  constant  weight. 

Complete  parts  of  the  plant  were  taken  in  preparing  Nos.  35 
to  50,  52  to  54,  57,  58,  of  Nereocystis.  The  other  analyses  of 
Nereocystis  are  of  carefully  prepared  samples.  Ash  determin- 
ations of  Nereocystis  were  made  m  the  case  of  a  single  plant.  They 
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Distribution  of  Iodine 


Species. 

Sampie  No. 

Weight  iresh. 

Weight  dry. 

Water. 

fftn. 

gm. 

per  etui 

Laminaria  bullata 

(young  plants) 

30 

3.525 

0.474 

86. 

(old  plants) 

31 

7.368 

1.208 

83.60 

Laminaria  saccharina 

(young  plants) 

32 

3.350 

0.419 

87.49 

(old  plants) 

Oo 

1  7Q9 

7ft  1  ^ 

Cost^ia  tuTDeri 

/  .Oio 

U  .  700 

87  1^ 
Of  .  to 

Nereocyatis  lutkeana 

frond 

35 

4.14 

0.28 

93.2 

I  . 

float 

36 

0.80 

0.11 

86.3 

stipe 

37 

0.69 

0.07 

90. 

iron  a 

38 

4.95 

0.32 

93.6 

"1 

float 

39 

1.35 

0.08 

94. 

stipe 

40 

0.73 

0.07 

90. 

frond 

41 

12.20 

0.82 

93.3 

float 

42 

3.09 

0.17 

94.5 

stipe 

43 

1.61 

0.16 

90. 

frond 

45 

23.7 

1.74 

92.7 

float 

46 

2.50 

0.14 

94.4 

stipe 

47 

1.65 

0.14 

91.5 

frond 

91 .2 

float 

49 

8.15 

0.48 

94.1 

stipe 

50 

2.90 

0.40 

86  2 

frond 

52 

1.25 

0.08 

94. 

VI 

float 

53 

0.65 

0.04 

94. 

stipe 

54 

0.60 

0.06 

90. 

frond 

56 

46.1 

3.43 

92.5 

VII  < 

float 

57 

16.2 

1.06 

93.5 

stipe 

58 

13.5 

1.65 

87.8 

frond 

65 

7.196 

0.581 

91.93 

float 

66 

7.355 

0.447 

93.92 

stipe 

67 

6.536 

0.826 

87.36 

holdfast 

68 

4.894 

0.627 

87.19 

frond 

August,  '13 

5.27 

0.568 

89.2 

XIII  < 

float 

i( 

6.47 

0.365 

94.4 

stipe 

{( 

6.90 

0.541 

92.2 

holdfast 

tt 

3.38 

0.258 

92.4 

Fucus  furcatus 

79 

8.118 

2.540 

68.71 

Fucus  evanescens 

84 

8.070 

1.628 

79.83 

A.  T.  Cameron 
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are  only  approximate,  since  some  inorganic  salt  was  vaporized 
before  the  carbon  was  completely  ignited. 

No.  60  contained  44.5  per  cent  ash,  No.  61  contained  49.9  per 
cent,  and  No.  62  contained  29.1  per  cent. 

The  data  for  Nereoq^stis  are  shown  in  the  following  table.  The 
length  of  the  plant  gives  an  idea  of  the  degree  of  development. 
Most  of  the  specimens  were  collected  on  the  same  day  and  at  the 
same  place. 


* 

Iodine. 

Water. 

III 

»  .1 

II 

1 

Pr 

1 

1 

] 

( 

M 

Sin. 

94 

I 

1  a  ft. 

0  272 

0  20 

0.305 

^ 

2 

«0  3 

U 

U.24fl 

0  10 

0.263 

& 

1H 

ill 

2.0  " 

a  357 

D.305 

93 

3 

01^ 

Dl:^ 

IT 

II' 

2  1" 

0  274 

0  111 

0.210 

02 

7 

U4.4 

015 

V 

14- 

0.174 

0  145 

0  26^ 

91 

2 

mi 

^.2 

0  am 

0 

0,275 

»2 

5 

B7,« 

11.0*' 

0  tse 

0.351 

49.^1 

29,1 

■  1 

ia.o" 

0  in 

0.0^ 

Fuii 

0  2S0 

0  130 

0  133 

91 

9 

H7  4 

Hvwn 

■im 

o.m 

a  130 

0  H7 

»* 

Full 

0  171 

0  0€ti 

0.101 

grown 

■Mm 

3 

M.4 

aiiiMii 

0  004 

0.217 

Q  IM5 

VIS 

Full 

0.130 

o.m 

(town 

m 

Small 

O.IW 

0.011 

n/vii 

■JH 

Full 

0.008 

CIJ 

0J67 

0  0fl5 

Careful  examination  of  these  figures  shows  that  the  percentage 
of  iodine  is  almost  invariably  less,  and  the  percentage  of  water 
greater  in  the  float  than  in  either  the  fronds  or  stipe.  The  ash  de- 
terminations show  a  similar  difference.  The  iodine  content  appears 
to  diminish  with  growth,  the  highest  values  for  frond  and  stipe 
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Distribution  of  Iodine 


being  obtained  for  the  smallest  plants.  The  water  content  of 
frond  and  stipe  shows  diminution  with  age  (especially  the  latter), 
while  that  of  the  float  is  very  constant.  There  is  therefore  an 
evident  and  marked  difference  between  the  composition  of  the 
float  and  that  of  the  stipe. 

From  the  fact  that  young  plants  of  Nereoqjstis  usually  contain 
more  iodine  than  full  grown  ones  it  follows  that  plants  obtained 
during  spring,  when  the  majority  are  not  full  grown,  will  give  a 
greater  average  yield  of  iodine  than  plants  obtained  later  in  the 
year.  Comparison  of  the  figures  given  for  full  grown  plants  with 
those  quoted  from  other  observers  (Part  I,  p.  350)  for  plants  from 
other  localities  does  not  reveal  any  differences  more  marked  than 
those  in  the  table  itself,  and  does  not  give  any  definite  evidence 
that  latitude  is  a  factor  in  iodine  content  of  Nereocystis  (compare 
Part  I,  p.  354). 

The  difference  of  iodine  content  in  the  same  species  growing 
under  the  same  conditions,  illustrated  throughout  the  above  tables, 
suggests  that  the  individual  plant  cell  has  a  particular  action  in 
retaining  iodine  within  certaiin  limits  determined  by  the  species. 

Iodine  Content  of  Animals. 
Protozoa. 

On  the  evening  of  May  13  the  surface  water  of  the  bay  at 
the  Station  was  colored  distinctly  red  by  protozoa  consisting 
almost  entirely  (98  per  cent)  of  Prorocentrum.  Five  liters  of 
water  gave  a  small  amount  of  residue  consisting  entirely  of  ciliate 
protozoa.  0.0809  gram  of  this  material  was  analyzed,  and  was 
found  to  contain  an  unmeasurable  trace  of  iodine. 

Metazoa. 

Phylum  Porifera. — A  specimen  of  (Monaxonida)  Esperiopsis 
quatsinoensis  (Lambe)  was  obtained  on  False  Narrows  reef  at 
very  low  tide.  0.500  gram  contained  0.000137  gram  of  iodine, 
equal  to  0.027  per  cent  (dried  material). 

Phylum  Coelenterata. — Through  the  kindness  of  Dr.  A.  Willey 
I  obtained  a  specimen  of  a  Verticillate  fan  coral,  dredged  in 
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Alaskan  waters,  and  stated  by  Professor  Hickson  to  be  a  Prini- 
coid  coral,  probably  belonging  to  the  genus  Caligorgia.  The 
coral  was  air-dried;  three  samples  were  examined,  one  of  the 
whole  coral,  a  second  of  the  homy  skeletal  substance,  and  a  third 
of  the  calcareous  nodules  surrounding  the  skeleton. 


Material. 

Sample 
No. 

Amount 
taken. 

Iodine 
found. 

Iodine. 

gm. 

gm. 

per  cent 

Whole  coral  

97 

0.500 

0.000287 

0.057 

98 

0.500 

0.000493 

0.099 

99 

0.500 

0.000009 

0.002 

Phylum  Vermes  J  sub-phylum  Annulataf  class  Chaeiopoda,  order 
Polychaeia. — ^Before  dealing  with  the  analyses,  it  is  perhaps 
desirable  to  give  some  account  of  the  nature  of  the  worm-tubes. 

The  Diopatra  worm-tubes  consist  of  an  upper  part,  4  to  6  inches 
in  length,  covered  with  shells  and  small  Algae,  and  a  lower  part, 
up  to  18  inches  in  length,  of  parchment-Hke  consistency,  con- 
sisting of  concentric  layers,  the  inner  being  translucent  and 
usually  perfect,  the  outer  more  or  less  damaged.  The  lower  tube 
is  secreted  by  the  glands  of  Tori,  the  leathery  upper  tube  in  part 
is  a  lip  secretion.  The  tubes  taken  for  examination  were  sepa- 
rated from  adhering  material  (shells.  Algae)  and  sand  as  far  as 
possible,  resolved  into  layers,  and  air-dried. 

Only  ODe  specimen  of  Onuphis  was  obtained.  The  tube  con- 
sisted of  an  inner  hyaline  layer,  surrounded  by  an  outer  rigid 
cylinder,  made  up  of  very  small  pieces  of  rock  cemented  together. 

The  Nerine  tubes  consisted  of  a  very  thin  collapsible  membrane 
surrounded  by  a  much  thicker  layer  of  sand,  so  that  the  whole 
was  rigid.  As  much  of  the  sand  was  removed  as  possible,  by 
cnmibling  the  tubes  between  the  fingers,  but  a  considerable  pro- 
portion remained. 

The  Chaetopieras  tubes  had  a  similar  structure  to  those  of 
Diopatra  but  were  thickly  encrusted  with  sand.  They  were 
separated  into  layers,  air-dried,  and  as  much  of  the  sand  was 
removed  as  possible  before  bottling  for  transit. 

The  SabeUaria  tubes  consisted  of  mud,  cemented  together. 
The  Pallasia  tubes  were  similar,  but  included  small  stones. 
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Iodine. 

percent 

0.080 

0.122 

0.126 
0.131 
0.128) 

0.041 
0.148 

0.048 

0.083 

il 

0.095 

Iodine 
found. 

0.000399 

0.000612 

0.000630 
0.000655 
(Mean 

0.000203 
0.000148 

0.000058 

0.000416 
(Doubtfu 
trace) 

0.000100 
0.00008^ 

^unomv 

gm. 

0.500 

0.500 

0.500 
0.500 

0.500 
0.100 

0.121 

0.500 
0.391 

0.105 
0.393 

•OM 
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Worm 
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Intermediate 
tube-layers 
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Outer  tube- 
layers 

Tube 

Worm 
Tube 

Date. 

1^/V 

26/vi 

26/vi 
7/vi 

Where 
obtained. 

(g)  ;  very 
low  tide 

(m);  dredg- 
ed 

(m);  dredg- 
ed 

(h)  ;  very 
low  tide 

8 

1 

Diopatra   (?  cali- 
.  fornica) 

Onuphis  (?  Sp.) 
Nerine  vulgaris 

Family. 

Eunicea 
Spiodea 

Sub-order. 

Rapacia 
Limivora 
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Iodine 

per  cent 

0.025 
0.028 

0.032 
0.028 

0.616 

0.606 

0.406 
0.072 

0.00 
0.060 

0.478 
0.466 
0.472) 

Iodine 
found. 

ft  ftftft/V77 

0.000142 

0.000159 
0.000139 

0.003082 

0.003028 

0.002029 
0.000080 

None 
0.000299 

0.002389 
0.002329 
(Mean 

'II01(B1 

^anouy 

gm 

0.311 

0.501 

0.500 
0.500 

0.600 

0.600 

0.500 
0.111 

0.123 
0.600 

0.500 
0.600 

•ON 

Part  examined. 

Tube 
Tube 

Worm 

Inner  tube- 
layers 

Intermediate 
tube-layers 

Outer  tube- 
layers 

Freshly  secre- 
ted tube 

Freshly  secre- 
ted tube 

Worm 

Inner  tube- 
layers 

1 

29/vi 
8/vi 

11/vi 

Where 
obtained. 

(m); 

drcdscd 
(m); 

dredged 

(e);  very 
low  tide 

(a);  be- 
tween 
tides 

Species. 

Amphicteis  (comes, 

M.S.) 
Sabellides  anops 

Sabclla  columbiana 

Family. 

Ampharetca 
Scrpulacea 

Sub-order. 

Limivora 
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Iodine. 

per  cent 

0.070 

0.004 

0.027 

0.010 
0.009 
0.009) 

Iodine 
found. 

gm. 
0.000027 

0.000018 

0.000037 

0.000048 
0.000045 
(Mean 

*  093(9) 

lunowy 

gm. 

0.500 
0.301 

0.500 

0.136 

0.500 
0.500 

•ON 

^  S          S§  iS 

^1— (   rH          rH          f-4  1— 1 

Part  examined. 

Worm 
Tube 

Worm 

Inner  tube- 
layers 

Outer  tube- 
layers 

& 

27/v 
29/v 

Wlicro 
obtained. 

(a);bc- 
wcen 
tides 

(d);low 
tide 

Species. 

Phoronis  vancou- 
verensis 

Phoronopsis  hanneri 

Family. 

a 
o 

u 
O 
f2 

Sub-order. 

^- 
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Trie  Peciinaria  tubes  were  thin,  and  of  papier  mach6  appearance. 

XT' lie  A  mphiirite,  AmphideiSy  and  Sabdlides  tubes  all  consisted 
of  r:i::i.ud,  cemented  together  by  a  secretion. 

X^lie  SabeUa  and  Bispira  tubes  were  tough,  and  horny  in  appear- 
ance ,  and  consisted  of  numerous  concentric  layers  of  translucent 
ma^terial.  They  were  resolved  into  several  layers,  and  air-dried. 
They  contained*  only  very  small  amounts  of  inorganic  material 
(some  occasional  patches  which  appeared  to  consist  of  calcium 
carfcxDnate).  The  Serpula  tubes  consisted  chiefly  of  calcium 
cartxDnate. 

riae  Phoranis  tubes  were  of  thin  hyaline  material;  those  of 
PhoT^cnopsis  were  thickly  encrusted  with  sand,  which  was  removed 
as  far  as  possible  after  they  had  been  air-dried. 

C>f  the  material  given  in  the  table,  samples  Nos.  100,  104,  108, 
109,    no,  118,  119,  120,  121,  122,  126,  130,  131,  132,  135,  137, 
140,    143,  144,  147,  149,  150,  152,  153,  154,  were  preserved  in 
absolute  alcohol;  the  remainder  were  air-dried.    In  each  case 
seveiral  specimens  were  taken  except  for  Nos.  104  (2),  107  (1), 
126   (1),  132  (1),  133  (2),  134  (2),  137  (3),  139  (2),  140  (2). 
^1  the  worm-tissue  examined,  both  above  and  in  Part  I  of 
paper,  contains  appreciable  quantities  of  iodine,  the  limits 
observwi  being  0.004  and  0.148  and  the  average  figure  about  0.04 
or 0.05  per  cent.   All  the  worm-tubes  contain  iodine,  the  observed 
luaits  being  0.009  and  0.741  per  cent.    The  following  table  affords 
evidence  that  the  iodine  is  in  organic  combination  in  the  tubes, 
and  that  if  a  correction  for  inorganic  material  be  applied  the 
'ioaits  are  much  closer.   The  ash  present  in  a  number  of  samples 
^as  determined  by  ignition  until  constant  weight  was  attained. 

Qualitative  examination  of  the  ash  showed  that  of  the  worm 
^^Ue,  No.  100  contained  practically  no  sand,  and  was  almost 
^^pletely  soluble  in  hot  dilute  hydrochloric  acid ;  No.  110  con- 
^i^ed  a  little  sand  (in  agreement  with  the  higher  percentage) ; 
No.  contained  no  sand,  but  some  calcium;  and  No.  152  con- 
^iJied  no  sand,  but  was  almost  completely  insoluble  in  hydro- 
chloric acid  (a  black  residue).  The  greater  part  of  all  the  ash 
the  tube  material  consisted  of  sand  grains,  except  that  of 
Nos.  141^  142,  and  146  in  which  very  few  sand  grains  were  present, 
and  No.  116  which  contained  a  small  amount  only.  This  is  in 
^p^ement  with  the  observations  on  the  nature  of  the  tube  mate- 
recorded  above. 
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Species. 

Pftrt  examined. 

Sample 
No. 

Amount 
taken. 

Weicht 
after  igni- 
tion. 

■? 

Iodine 
in  original 
material. 

Iodine 
corrected 
for  aah. 

gm. 

percent 

percent 

pereen 

Diopatra 

Worm 

100 

0.500 

0.042 

8.4 

0.060 

0.087 

californica 

Cbaetoptenu  (?  Sp.) 

no 

0.500 

0.005 

\9.0 

0.012 

0  015 

BiBpira  polymorphia 

144 

0.401 

0.036 

7.3 

0.047 

0  051 

Phoronopeia  harmeri 

152 

0.500 

0.038 

7.6 

0  004 

0.004 

Diopatra  californica 

Inner  tube-layers 
Intermediate  tube- 

101 

0.500 

0.180 

36.0 

0.122 

0.101 

layers 

102 

0.500 

0.221 

44.2 

0.128 

0.229 

Outer  tube-layers 

103 

0  500 

0.393 

78.6 

0.041 

0.192 

ChaetopteruB  (?  Sp.) 

Inner  tube-layers 
I  ntermediate  ^  tube- 

111 

0.500 

0.201 

40.2 

0.450 

0.754 

layers 

112 

0.500 

0.285 

57.0 

0.333 

o.n4 

Outer  tube-layers 

113 

0.500 

0.362 

72.4 

0.212 

0.768 

Tube-ends 

114 

0.500 

0.438 

87.6 

0.096 

0.774 

Phyllocha3topteruB 

(?Sp.) 

Tube 

116 

0.046 

0.024 

52. 

0.051 

0.106 

Biapira  polymorphia 

Inner  tube-layers 

141 

0.117 

0.020 

17.1 

0.492 

0.593 

Outer  tube-layers 

142 

0.442 

0.074 

16.8 

0  741 

0.891 

Tube 

146 

0.500 

0.080 

16.0 

0.698 

0.831 

Phoronopsia  harmeri 

Tube 

154 

0.500 

0.480 

96.0 

0  009 

0.22Q 

The  data  for  Diopatra  and  Chaetopterus  tube  material  sho' 
that  iodine  content  is  strictly  proportional  to  organic  materij 
in  the  different  layers  of  these  tubes,  and  lend  therefore  stron 
evidence  to  the  hypothesis  that  the  iodine  is  in  organic  combini 
tion.  The  data  suggest,  since  in  most  cases  where  small  amouni 
of  iodine  were  found  for  worm-tubes  there  was  a  considerab! 
amount  of  inorganic  material  present,  that  the  limits  of  iodin 
percentage,  after  correction  for  inorganic  material,  are  probabl 
all  within  0.1  and  1.0  per  cent. 

Since  these  tubes  are  secretions,  and  since  the  worms  themselvt 
contain  iodine  in  comparable  amounts,  it  would  appear  to  folio 
naturally  that  the  iodine  compound  present  in  the  tube  is  secrete 
by  the  worm,  although  the  hypothesis  might  be  put  forward  thi 
it  was  produced  by  some  action  of  the  iodine  in  sea  water  on  tl 
tube  after  secretion.  The  differences  observed  in  the  inner  an 
outer  layers  of  Bispira  tubes  (Nos.  133  and  134,  and  141  and  14$ 
although  sea  water  has  equal  access  within  and  without  tl 
tubes,  seem  to  emphasize  the  action  of  the  worm  itself  in  pre 
ducing  the  iodine  compound.  Similar  evidence  is  pro\4ded  b 
the  analyses  of  Nos.  130  and  131.   No.  130  was  from  fresh  tul 
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material  secreted  by  two  SabeUa  worms  removed  from  their 
tubes  and  placed  in  sea  water  in  the  laboratory.  The  time  of 
secretion  was  twelve  hours.  It  will  be  observed  that  the  per- 
centage of  iodine  is  much  smaller  than  in  the  original  tubes  (0.6), 
while  the  further  twenty-four  hours'  secretion  (No.  131)  con- 
tained no  trace  of  iodine,  proving  that  the  iodine  in  the  first 
secretion  must  itself  have  been  secreted. 

The  good  agreement  in  the  corrected  figures  for  No.  101  (pure 
secretion  of  glands  of  Tori  in  Diopatra)  and  103  (mixed  secretions 
of  glands  of  Tori  and  lip)  suggests  either  that  the  lip  secretion  is 
relatively  small  in  amount,  or  that  the  two  secretions  contain 
similar  quantities  of  iodine. 

The  Bispira  worms  showed  a  considerable  degree  of  variation 
in  the  color  of  the  tentacles.  Those  marked  X  were  lake  in 
oolor;  those  marked  Y  were  lighter,  varying  from  pale  pink  to 
salmon  color.  There  is  some  indication  of  a  corresponding  dif- 
ference in  iodine  content. 

The  figures,  taken  as  a  whole,  do  not  show  any  definite  alter- 
ation of  iodine  content  at  different  periods  of  the  year  (this  would 
sca.rcely  be  expected  for  the  tube  material).  In  Part  I  it  was 
sho-wn  that  Serpula  tube  material,  from  which  the  calcium  car- 
t^nate  had  been  removed,  contained  iodine  of  the  order  of  0.7  per 
^^nt,  and  it  therefore  appears  that  the  closely  related  species  of 
^he  Serpulacea  contain  ver>'  similar  quantities  of  iodine  (both 
^orms  and  tubes). 

I^hylum  Molliisca,— The  presence  of  iodine  in  appreciable  quan- 
^^^y  in  the  dermis  of  the  *'foot"  of  Schizothoerus  (Treseus)  nuttalli 
has  been  confirmed.  Some  other  secreted  material  has  been 
examined  in  other  species. 

T*he  dermis  of  the  foot  of  the  horse-clam  is  stated  to  be  a 
secx^etion  of  the  sub-dermis.    The  new  figures  confirm  the  result 
I^art  I  (p.  362)  that  the  dermis  contains  marked  quantities  of 
'^ine,  showing  a  considerable  concentration  during  the  secre- 
The  foot  of  the  clam  shows  no  marked  division  between 
^ex-mis  and  sub-dermis;  no  separation  could  be  effected  and  the 
^^Vixe  obtained  resembles  that  for  the  sub-dermis  of  the  horse- 
<^^Txi.   Considerable  individual  variations  are  shown  for  the  horse- 
da^riQ  (the  figures  in  each  case  are  for  one  or  two  specimens  only) 
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and  none  of  the  figures  are  as  high  as  that  previously  recorded. 
The  byssus  of  Myiilus  is  an  adhesive  secretion,  the  opercula  of 
Polynices  a  protective  secretion.  The  egg-case  of  Polynices  con- 
sists of  sand  grains  cemented  together  by  a  secretion. 

Nos.  240  and  243  were  air-dried;  the  other  material  was  pre- 
served in  alcohol. 

Phylum  Chordata,  sub-phylum  Tunicata, — A  large  number  of 
tunicates  have  been  examined.  The  classification  followed  is  that 
of  Huntsman. ^2 

These  results  (pages  28-31)  show  that  iodine  is  an  invariable 
constituent  in  the  test  of  the  ascidian,  the  amount  varying  mark- 
edly in  different  species;  the  limits  observed  are  from  a  trace  to 
0.3  per  cent.  The  figures  show  a  definite  differentiation  between 
species  but  not  between  families.  The  figures  for  different 
individuals  of  the  same  species,  living  under  precisely  the  same 
conditions  (Pyura  haustor)  show  a  considerable  variation  (0.09 

"  Huntsman,  Contributions  to  Canadian  Biol.y  1912,  103. 
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to  0.3  per  cent),  and  this  is  not  due  to  variation  in  inorganic 
coastituents,  since  the  ash  was  determined  in  the  samples  giving 
these  extreme  values  and  is  not  very  different  in  the  two  cases: 

N'o.  202  contained  42.3  per  cent  ash,  giving  a  corrected  iodine  value  0.516 
per  cent. 

No.  204  contained  51.5  per  cent  ash,  giving  a  corrected  iodine  value  0.193 
per  ocnt. 

The  data  presented  are  insufficient  to  show  any  definite  variation 
in  t±ie  content  of  the  element  in  different  specimens  of  the  same 
species  from  different  localities,  especially  in  view  of  the  varia- 
tion, shown  in  specimens  from  the  same  locaUty.  The  highest 
values  are  found  for  animals  living  just  below  the  tidal  zone 
(Pi/^ra)  and  not  for  dredged  material. 

rte  inner  test,  attached  throughout  to  the  test,  and  some- 
times not  separable,  consists  apparently  chiefly  of  connective 
tissiie  (mesoderm).  The  amount  of  iodine  present  in  the  inner 
test;  is  usually  not  detectable.  It  is  found  present  for  Pyura; 
in  "felais  species  the  content  of  the  outer  test  is  large.  The  same 
kiad  of  relation  appears  to  hold  for  the  animal  removed  from  the 
test.  The  Pyura  material  contains  a  definite  but  very  small 
ana.oimt;  the  result  for  Ascidiopsis  paratropa  is  almost  certainly 
an  orror,  and  that  for  Tethyum  igabuja  is  doubtful,  but  the  mate- 
rial was  insufficient  for  duplicate  analyses.  The  results  for 
oth^r  species  were  negative. 

Considerable  evidence  has  been  put  forward  that  the  endostyle 
is  closely  related  to  the  thyroid.  The  endostyles  examined  were 
^^s^ected  from  surrounding  tissue  as  carefully  as  possible,  but 
contamination  with  non-endostyle  tissue  was  undoubtedly 
'^^Se.  The  results  obtained  suggest,  however,  that  the  endo- 
f^3^1^  does  not  perform  a  function  similar  to  thyroid  as  regards 
iodixie. 

I^ke  whole  of  the  ascidian  material  was  preserved  in  absolute 
al^^oliol. 
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Amount 
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found. 
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(Mean 
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0.000451 
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0.000015 

(Mean 

None 

Amount 
taken. 

gm. 

0.243 

n  OKA 

0.0410 
0.108 
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Some  rough  determinations  of  the  water  percentage  were 
and  may  be  conveniently  given  here. 


Species. 

Part 
examined . 

Sample 
No. 

Weight 
freSi. 

Weight 
dry. 

gm. 

gm. 

T 

Test 

175 

4.3 

0.16 

Cnemidocarpa 

Test 

190A 

6.8 

1.00 

Inner  test 

191 

1.3 

0.09 

Test 

196 

2.4 

0.25 

Test 

201 

7.0 

2.06 

Test 

202 

10.0 

1.84 

Test 

203 

7.5 

1.29 

Test 

204 

8.3 

1.73 

Test 

205 

7.0 

1.63 

Inner  test 

206 

2.0 

0.21 

Animal 

207 

80. 

2.30 

The  samples  Nos.  178  to  180  may  have  contained  soi 
inflata  mixed  with  th^i  C.  nigosa. 

Phylum  Chordaia,  sub-phylum  Vertehrata. — In  the  ser 
analyses  of  the  tissues  of  the  dog-fish  SqualiLs  sucklii  publis 
Part  I  of  this  paper  (p.  373)  the  egg-case  was  not  inc 
Some  egg-cases  of  the  skate  and  rat-fish  were  obtained  by  < 
ing  last  summer,  and  the  analyses  are  appended  (the  mj 
was  air-dried,  and  then  dried  at  100°  C.) : 


species. 

Material. 

Amount 
taken. 

Iodine 
found. 

loc 

gm. 

gm. 

pa 

Skate  (Sp.  ?)  

Egg-case 

0.500 

0.001090 

0 

0.500 

0.001166 

0 

(Mcai 

Hydrolagus  collieii 

(rat-fish)  

Egg-case 

0.500 

0.000146 

0 

These  results  were  unexpected  and  suggest  further  exa 
tion  of  such  material. 

Thyroid  Gland, — The  fish  thyroids  in  the  following  table 
obtained  by  local  fishermen  in  Departure  Bay  and  the  vi( 
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except  Sample  No.  228,  obtained  off  Rose  Spit,  north  of  the 
Queen  Charlotte  Islands.  This  sample  was  preserved  in  formal, 
the  others  were  preserved  in  absolute  alcohol.  The  crow  thy- 
roids were  from  birds  shot  near  the  Station;  the  other  bird  mate- 
rial was  shot  at  points  inside  the  Strait  of  Georgia.  The  cougar 
thyroid  was  from  a  young  adult. 

The  weights  of  animals,  where  expressed  in  brackets,  were 
calculated  from  those  of  a  number  of  individuals  selected  at 
random.    In  other  cases  all  the  animals  used  were  weighed. 

The  varying  relation  existing  between  amount  of  thyroid  tissue 
and  body  weight  in  the  different  families  of  the  Vertebrata, 
pointed  out  in  Part  I  (p.  368)  is  supported  by  the  constant  figures 
for  Squalusy  the  definitely  higher  figure  for  the  holocephaloid 
fish,  and  the  still  higher  figures  for  birds.    It  does  not  seem 
accidental  that  the  figure  for  Sample  No.  231  which  is  much 
k^igher  than  that  for  the  other  rat-fi-sh  samples,  corresponds  to 
^  higher  water  content  and  a  low  (though  not  the  lowest)  iodine 
t>ercentage,  suggesting  that  this  sample  contained  some  goitrous 
^Tiaterial.    Such  goitrous  material  has  r  cently  been  observed  _ 

The  mean  average  iodine  content  for  the  thyroids  of  male 
^qualus  from  the  Departure  Bay  district  is  0.208  per  cent,  that 
^or  females,  0.166.  This  agrees  with  the  higher  results  for  males 
J)reviously  found  (Part  I,  p.  364)  and  somewhat  emphasizes  the 
^difference  between  Squalus  and  mammals,  for  which  Fenger  has 
^hown  that  usually  the  female  thyroid  contains  the  higher  per- 
centage." The  mean  found  for  all  the  analyses  of  Squalus  ob- 
'tained  in  May  (0.185)  is  not  far  removed  from  that  for  Squalus 
obtained  in  August  (0.200,  Part  I,  p.  364).  The  figure  for  Squalus  : 
irom  the  open  ocean  (0.165  per  cent)  is  probably  at  least  10  per 
cent  too  small,  since  a  special  test  to  show  the  effect  of  evapora- 
tion with  formal,  carried  out  with  Merck's  "thyroidin"  gave  a 
figure  of  0.343  for  material  containing  0.388  per  cent  iodine,  show- 
ing a  loss  of  11.6  per  cent.  It  would  appear  therefore  that  the 
iodine  content  of  the  thyroid  of  Squalus  is  remarkably  constant 
(when  large  numbers  of  fish  are  taken)  both  at  different  seasons 

"  Cameron,  A.  T.,  and  Vincent,  S.,  Jour,  Med,  Research,  1915,  xxxii, 
251. 

"  Fenger,  Jour.  Biol.  Chem.,  1911-12,  xi,  489;  1913,  xiv,  397. 
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Iodine. 

0.180 
0.236 
0.216 
0.186 
0.185 
0.185) 
0.16 
0.104 

0,186) 
0.165 
0.3 

0.747 
0.584 
0.620 
0.527 
0.697 
0.623^ 

Iodine  found. 

gm. 

0.000462 
0.000168 
0.000432 
0.000372 
0.000370 
(Mean 
0.000072 
0.000345 
(Mean  of 
above 
0.000153 
0.000031 

0.000336 
0.000391 
0.000310 
0.000553 
0.000689 

II! 

gm. 

0.Z4D 

0.0711 
0.200 
0.200 
0.200 

0.0442 
0.332 

0.0925 
0.0100 

0.0450 

0.067 

0.0500 

0.1050 

0.0989 

Dry  thyroid 
tiBBueper 
kg.  animal. 

Water. 

percent 

85.3 
84.9 
83.9 
83.7 

81.3 
83.5 

82 
91 
76 

80 
80 

Weight 
of  dry 
thy- 
roid. 

gm. 

0.245 
0.071 
0.836 
1.030 

0.046 
0.390 

0.092 
0.013 

0.048 
0.067 
0.051 
0.105 
0.099 

Weight 
of  fresh 
thy- 
roid. 

i    ^^^^  ^t:^^^^ 

^         «-H  o  ud  CO         do                      G  G  G  G  S 

Sample 
No. 

Weight 
mals. 

i         8  =  9^        «S  ^wr^odt^ 

No. 
of  ani- 
mals. 

«-H         CO  CO                     »-«                                                   1-t  ^ 

Date. 

11/v 
19/v 

20/v 

29/vii 
23/v  . 

11/v 
19/v 
20/v 

23/v 

1 

Pisces 
Elasmobranchii 
Squalus  sucklii 
(dog-fish) 

Raja  rhina 

Holocephali 
Hydrolagus  collieii 
(rat-fish) 
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of  the  year  and  from  different  localities.  In  order  to  expla-in 
the  marked  difference  in  the  figures  for  Squahis  and  ScyUii^^ 
(compare  Part  I,  p.  369),  it  is  necessary  to  assume  aconsta.nt 
difference  of  diet  for  the  two  species  or  a  specific  variation  i-n 
thyroid  tissue  as  regards  iodine.  The  former  assumption  appeal 
more  hkely. 

The  high  figures  for  Hydrolagus  indicate  a  very  different  diet 
for  this  species.  (The  position  of  the  thyroid  in  Hydrolagus  is 
the  same  as  in  Squalus;  its  appearance  is  more  like  that  of  "fcfae 
skate  than  of  the  dog-fish  thyroid.) 

The  only  definite  figure  previously  published  for  bird  thyroi<^ 
is  that  for  pigeons  (0.485,  see  Part  I).    The  values  for  ottB^^r 
species  given  above  are  all  of  the  same  order.    The  high  vaX^^ 
for  the  crow  is  undoubtedly  due  to  the  fact  that  the  birds  exa..:^^' 
ined  had  been  feeding  largely  on  clams  and  other  shell-fish.  Wtm^ 
the  value  for  the  surf-scoter  is  based  on  an  analysis  of  a  v^^'*^ 
small  amount  of  material  and  requires  confirmation,  it  is  sonC^^ 
what  striking  that  the  three  highest  values  obtained  for  fish,  bir^:^^' 
and  mammals  are  all  approximately  equal,  and  equal  to 
highest  value  obtained  by  actually  feeding  iodide  to  sheep.    Th^  ^ 
agreement  seems  more  than  accidental. 

The  revised  figures  for  the  maximum  percentages  of  iodine 
far  found  in  different  species  are: 

Fish  thyroids  (Scyllium)  1.16  per  cent  (Cameron);  bird  thyroids 
(Scoter)  1.14  per  cent  (Cameron);  sheep  thyroids  1.05  per  cent  (Hunter 
and  Simpson) ;  dog  thyroids  0.692  per  cent  (Marine  and  Lenhart) ;  human 
thyroids  0.^88  per  cent  (Seidell) ;  stag  thyroids  0.54  per  cent  (Blum) ;  pig 
thyroids  0.531  per  cent  (Seidell  and  Fenger) ;  beef  thyroids  0.477  per  cent 
(Marine  and  Lenhart) .    (Compare  Part  I,  p.  367.) 

The  maximum  figure  for  iodine  in  thyroid  tissue  after  feeding 
iodide  is  1.15  per  cent  (Simpson  and  Hunter)." 

Reference  was  made  at  the  beginning  of  this  paper  to  Seidell 
and  Fenger's  theory  that  the  seasonal  variation  observed  by 
them  in  the  iodine  content  of  mammalian  thyroids  is  due  to  a 
temperature  effect;  this  temperature  effect  they  consider  is  pro- 
duced by  an  increased  metabolism  at  high  temperatures  using 
up  the  iodine  compound  poured  out  from  the  thyroid  and  depleting 

^*  Simpson  and  Hunter,  Quart,  Jour.  Exper.  Physiol,,  1911,  iv,  257. 
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i  stored  iodine;  cold  weather  results  in  a  reversed  effect.  Since 
cnerous  data  prove  definitely  that  very  slight  variations  in  the 
tount  of  iodine  fed  at  once  afifect  the  amount  in  the  thyroid 
nd,  while  all  the  differences  observed  in  different  species  can 
satisfactorily  attributed  to  difference  in  diet,  until  more  direct 
dence  is  adduced,  it  seems  more  natural  to  attribute  the  sea- 
lal  variation  which  undoubtedly  occurs  in  several  mammals 
changes  in  the  iodine  content  of  their  diet,  and  not  to  intro- 
5e  a  new,  and  in  any  case  a  merely  additional  factor. 

SUMMARY  OF  RESULTS. 

""torn  the  fresh  data  presented  in  Parts  I  and  II  of  this  paper, 
I  from  previously  pubUshed  data  by  others  summarized  therein, 

following  conclusions  can  be  drawn  with  some  certainty, 
odine  is  an  invariable  constituent  of  all  marine  Algae.  The 
its  observed  in  reUable  analyses  are  0.001  and  0.7  per  cent, 
the  Brown  Algae  only  the  Laminariaceae  (and  one  or  two 
saceae)  contain  amounts  of  iodine  greater  than  0.1  per  cent, 
the  Red  Algae  only  the  Rhodymeniaceae  and  Delesseraceae 
itain  similar  amoimts.  None  of  the  Green  Algae  contain  appre- 
bly  large  amounts.  Almost  all  the  species  for  which  appre- 
ble  quantities  of  iodine  have  been  reported  grow  below  the 
al  zone  and  are  never  exposed.  Young  plants  contain  more 
one  than  full  grown  plants.  The  amount  of  iodine  present 
an  individual  plant  is,  within  certain  limits  for  each  species, 
variable  quantity  apparently  determined  by  the  plant  cells 
emselves.  Iodine  varies  in  different  parts  of  the  individual 
ant.  In  Nereoqjstis  the  float  usually  contains  less  of  the  ele- 
2nt  than  either  the  fronds  or  the  stipe.  No  definite  relation- 
ip  exists  between  the  percentage  in  fronds  and  stipe,  and  no 
Snite  statement  can  be  made  as  to  which  contains  the  larger 
ount.  At  least  one  species  of  diatom  does  not  appear  to  con- 
Q  the  element  in  detectable  quantity. 

j&nd  plants  contain  very  much  less  iodine,  although  it  is  widely 
fcributed  in  them.  They  exhibit  the  same  variations,  showing 
liflferentiation  not  only  determined  by  the  species,  but  appar- 
ly  by  the  plant  cell  also. 

m  sea  species  of  animals  contain  iodine.  As  advances  in  evo- 
ion  are  made  there  is  more  differentiation  and  probably  less 
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total  iodine  in  the  whole  organism.  Much  of  the  material  whic3i^^ 
has  been  found  to  contain  marked  quantities  of  iodine  is  in  Om^^ 
nature  of  an  external  secretion  (a  secretion  on  to  the  outer  sujr- — 
face  of  the  body). 

All  sponges,  corals,  annelid  worms  (worm  and  tube)  and  ascid* 
ians  (test)  contain  iodine.  The  amount  varies  very  much  lo 
different  species.   The  limits  observed  are  very  similar. 

Appreciable  quantities  of  the  element  have  been  foimd  in  the 
dermis  of  the  foot  of  the  horse-clam  and  related  species,  in  the 
opercula  of  the  whelk,  and  in  the  byssus  of  the  mussel. 

The  endostyle  of  ascidians,  if  it  contains  iodine,  contains  a 
much  smaller  amoimt  than  the  thyroid  of  other  vertebrates. 

Of  vertebrate  tissue  the  thyroid  alone  is  of  importance  in  con- 
nection with  the  storage  of  iodine.  The  limits  in  the  amounts 
found  in  thyroid  (dry)  tissue  are  0.01  and  1.16  per  cent.  Other 
tissues  in  manmials  contain  less  than  0.001  per  cent.  In  fish  the 
liver  and  kidney  may  contain  slightly  higher  amounts  than  this. 
(Anomalous  results  have  been  found  for  the  egg-cases  of  certain 
fishes;  these  require  further  examination.) 

Variations  in  the  iodine  content  of  thyroid  tissue  can  all  be 
traced  to  differences  in  diet. 

While  Fenger  has  adduced  definite  evidence  that  in  mammals 
thyroid  tissue  of  females  contains  more  iodine  than  that  of  males, 
this  does  not  appear  to  be  the  case  in  the  thyroids  of  elasmo^ 
branch  fish. 

It  is  hoped  to  examine  the  annelid  worm-tube  andascidian 
test  material  further  with  the  purpose  of  finding  the  form  of  com* 
bination  of  iodine  in  these  tissues. 

In  conclusion  I  have  again  to  acknowledge  my  great  indebted- 
ness to  Dr.  C.  McLean  Fraser,  the  Curator  of  the  Biological 
Station  at  Departure  Bay,  B.  C,  for  his  kindness  in  assisting 
me  in  the  collection  and  identification  of  the  material  dealt  with 
in  this  paper,  and  to  Professor  A,  Willey,  F.R.S.,  who  identified 
all  the  annelid  worms  and  gave  me  much  other  assistance,  I 
wish  also  to  thank  Professor  Swale  Vincent  for  his  continued 
interest  and  encouragement  in  this  work. 
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THE    INFLXJENCE  OF  ELECTROLYTES  XJPON  THE  DIF- 
FUSION OF  POTASSIUM  OUT  OF  THE  CELL 
AND  INTO  THE  CELL. 

By  JACQUES  LOEB  and  McKEEN  CATTELL. 
{From   the  Laboratories  of  the  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  September  2,  1915.) 
I.  INTRODUCTION. 

We  intend  to  show  in  this  paper  that  potassium  cannot  diffuse 
out  of  the  egg  of  Fundulm  when  the  latter  is  put  into  distilled 
water  or  into  a  saccharose  solution,  while  potassiun  can  diffuse 
out  from  the  egg  easily  when  the  latter  is  put  into  a  solution  of  an 
electrolyte;  and  that  the  influence  of  electrolytes  upon  this  diffu- 
increases  with  the  valency  of  the  anion  of  the  salt  and  follows 
I^ssibly  the  Hofmeister  series  of  anions.  We  will  also  show  that 
^hen  we  keep  eggs  for  some  time  in  H2O  and  put  them  afterwards 
a  KCl  solution  a  barrier  is  created  which  retards  the  entrance 

potassium  into  the  egg.  These  experiments  have  a  bearing 
only  upon  the  mechanism  of  a  certain  group  of  phenomena  of 
^tagonistic  salt  action  but  also  upon  the  mechanism  which  de- 
^^tnines  the  diffusion  of  cations  through  cell  walls.  Certain 
t-tleoretical  aspects  of  these  experiments  have  already  been  dis- 
cussed in  a  previous  paper.^ 

Loeb  and  Wasteneys  have  shown  in  1911^  that  the  marine  fish 
Fundulus  is  rapidly  killed  by  a  pure  KCl  solution  in  that  concen- 
tration of  this  salt  in  which  it  is  contained  in  sea  water,  namely 
2.2  cc.  m/2  KCl  in  100  cc.  H2O;  while  the  fish  live  indefinitely 
when  NaCl  is  added  in  such  a  ratio  that  the  solution  contains  17 
molecules  or  more  of  NaCl  for  each  molecule  of  KCL  Na2S04 
was  approximately  twice  as  effective  as  NaCl  but  the  quantita- 
tive determinations  were  restricted  by  the  great  toxicity  of 

»  Loeb,  J.,  Proc.  Nat.  Acad.  Sc.,  1915,  i,  473. 

'  Loeb,  J.,  and  Wasteneys,  H.,  Biochem.  Ztschr.y  1911,  xxxi,  450;  1911, 
znii,  155. 
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Na2S04.   Experiments  on  the  possible  antagonistic  action 
other  salts  than  NaCl  or  Na2S04  could  not  well  be  made  sinoc 
most  salts  were  too  toxic  for  the  fish.   Loeb  and  Wasteneys  ex- 
plained this  result  on  the  assumption  that  the  presence  of  NaCS 
or  Na2S04  in  the  solution  prevented  the  KCl  from  diffusing  int>o 
the  fish.   Assuming  that  the  KCl,  in  order  to  diffuse  into  the  fidl^ 
(i.e.,  into  the  blood  and  thus  reaching  the  heart  and  the  central 
nervous  system),  had  to  undergo  a  combination  with  a  coUoid^J 
constituent  of  the  skin  of  the  fish,  the  Na  ions  of  the  NaCl 
Na2S04  by  competing  with  the  K  for  the  colloidal  anion  wouX^ 
prevent  the  latter  from  combining  with  this  constituent. 

Our  new  experiments  were  made  on  the  embryo  of  FundvZ^^'^ 
instead  of  on  the  adult  fish.    The  embryo  is  surrounded  by  tt^-^ 
rather  thick  egg  membrane  inside  of  which  it  moves  freely.  Ar:*- 
salt,  before  it  reaches  the  embryo,  must  therefore  diffuse  throu^^^-^ 
the  membrane.    When  we  put  an  egg  containing  an  embryo  ^ 
from  four  to  fourteen  days  old  into  a  pure  KCl  solution  until  tF^^  ® 
heart  of  the  embryo  stops  beating  we  know  that  the  KCl  mu 
have  diffused  through  the  egg  membrane  into  the  egg  in  such  ^ 
quantity  as  to  reach  the  toxic  limit  for  the  heart  of  the  embr3^^ 
and  if  such  an  egg  is  afterwards  put  into  a  solution  free  from 
KCl,  where  its  heart  recovers,  we  may  conclude  that  enough  KC/ 
must  have  diffused  from  the  egg  into  the  outside  solution,  so  as  to 
bring  the  concentration  of  KCl  inside  the  egg  below  the  limit 
required  to  cause  the  standstill  of  the  heart. 

II.  THE  INFLUENCE  OF  THE  ANION  IN  THE  PREVENTION  OF  THE 
TOXIC  ACTION  OF  KCl. 

When  we  try  to  investigate  the  prevention  of  the  toxic  action 
of  KCl  on  the  adult  fish  by  other  electrolytes  we  are  restricted  by 
the  fact  that  only  a  few  salts  are  sufficiently  harmless  for  the  fish 
to  be  used  for  such  a  purpose.  In  the  case  of  the  embryo,  which 
is  separated  from  the  outside  solution  by  the  egg  membrane,  we 
have  a  much  greater  freedom  in  the  choice  of  our  antagonistic 
salts. 

In  the  experiments  to  be  mentioned  in  this  chapter  we  ascer- 
tained the  influence  of  the  concentration  of  salts  and  the  sign 
and  nature  of  the  ions  upon  the  rapidity  with  which  a  given  con- 
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centration  of  KCl  caused  the  hearts  of  the  embryos  to  stop  beat- 
^g-  As  a  rule,  twenty  embryos  of  the. same  age  whose  hearts 
were  beating  were  put  into  each  solution  and  the  number  of 
embryos  whose  hearts  were  still  beating  was  ascertained  at  various 
intervals. 

We  found  first  that  if  we  add  to  a  given  concentration  of  KCl 
another  salt,  e.g.,  Na2S04,  in  various  concentrations,  the  poison- 
ous action  of  KCl  upon  the  heart  will  be  the  more  retarded  the 
hi^er  the  concentration  of  Na2S04.   In  one  experiment  of  this 
idnd  6.6  cc.  m/2  KCl  were  contained  in  50  cc.  of  the  solution. 

 TABLE  I.  

Number  of  surviving  hearts  in  0.0  cc.  ii/2  KCl  dissolved  in  60  oo.  of 


Alter 

HsO 

M/4 

M/8 

k/10 

m/32 

M/04 

M/128 
Na^« 

Ira. 

1 

14 

20 

20 

20 

15 

10 

11 

4 

5 

20 

17 

11 

11 

8 

9 

H 

3 

19 

16 

7 

4 

3 

2 

24 

1 

19 

13 

4 

3 

3 

0 

72 

1 

14 

9 

2 

1 

2 

0 

^Tiile  after  nine  and  a  half  hours  practically  all  the  hearts  in 
Na2S04  were  still  beating,  in  the  solutions  of  Na2S04  below 
^  /32  and  in  distilled  water  only  four  or  less  of  the  original  twenty 
^^re  beating. 

An  experiment  with  Na  acetate  in  different  concentrations  gave 
&  similar  result. 

We  next  tried  the  effect  of  different  sodium  salts  to  find  out 
whether  the  anion  had  any  effect  in  this  case.  This  was  found  to 
be  true.  6.6  cc.  m/2  KCl  were  dissolved  in  50  cc.  of  the  following 
solutions  (Table  II).  Twenty  embryos,  five  days  old,  were  put 
into  each  of  the  solutions. 

The  experiment  shows  that  the  antagonistic  effect  of  Na2S04  and 
Naj  tartrate  is  very  powerful  since  after  two  days  the  hearts  of 
almost  all  the  embryos  were  still  beating.  Next  in  efficiency  was 
the  acetate  which  was  found  to  be  much  more  effective  than  NaCl. 
The  antagonistic  effect  of  a  salt  against  KCl  is  therefore  in  this 
series  a  function  of  the  anion  and  grows  with  the  valency  of  the 
latter.   The  order  of  efficiency  of  the  anions  is: 
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SO4,  tartrate  >  acetate  >  CI,  Br,  I. 

This  suggests  to  some  extent  the  Hofmeister  series  of  anic 
efficiency  and  this  statement  will  find  fuller  corroboration  in 
later  chapter.  We  come,  therefore,  to  the  conclusion  that  KC 
causes  the  hearts  of  the  embryo  of  Fundulus  to  stop  beating  mos 
rapidly  when  alone  in  solution,  while  sodium  salts  inhibit  or  r« 
tard  this  effect,  (a)  the  higher  (within  certain  limits)  their  concer 
tration,  and  (b)  according  to  the  nature  of  the  anion  of  the  sa. 
added,  the  order  of  increasing  efficiency  being 

CI,  Br,  I  <  acetate  <  SO4,  tartrate. 

It  is  desirable  to  take  for  these  experiments  yoimg  embryos 
since  in  older  embryos  the  time  required  for  causing  the  stanc 
still  of  the  heart  by  KCl  is  greater. 


TABLE  II. 


Number  of  hearts  beating  in  0.6  oo.  u/2  KCl  in  50  oc.  of 

After 

HsO 

M/4 
sea 
water 

M/4 

NaCl 

M/4 

NaBr 

M/4 

Nal 

M/4  Na 

acetate 

M/4 

NaCNS 

M/4 

Na»S04 

M/4 

Nat  ta 
trate 

Ars. 

1 

n 

19 

18 

18 

18 

20 

16 

20 

20 

4i 

2 

12 

14 

11 

16 

15 

3 

19 

19 

22 

1 

11 

11 

8 

3 

13 

1 

18 

16 

48 

1 

7 

9 

4 

1 

14 

0 

18 

16 

These  experiments  confirm  the  older  observations  of  Loeb  an 
Wasteneys  on  the  adult  fish,  but  they  add  the  fact  of  the  role  c 
the  anion  in  this  antagonism.  This  r61e  could  not  be  ascertaine 
on  the  adult  fish  since  most  of  the  salts,  like  tartrates  an- 
acetates,  are  too  toxic  for  the  adult  fish  to  be  used  for  antagc 
nistic  purposes. 

We  also  confirmed  the  result  found  in  the  previous  investiga 
tion,'  that  it  was  only  possible  to  inhibit  the  poisonous  action  o 
KCl  by  other  salts  as  long  as  the  concentration  of  KCl  did  no 
exceed  a  certain  limit. 

»  Loeb  and  Wasteneys,  Biochem.  Ztschr.^  1911,  xxxi,  450. 
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^JI.  THE  IMPOSSIBILITY  OF  RECOVERY  OF  THE  EMBRYO  FROM  KCl 
POISONING    WITHOUT   THE   AID    OF  ELECTROLYTES. 

Eggs  with  normal  heart  beat  were  put  for  several  hours  (usually 
three  and  a  half)  into  a  m/2  KCl  solution  to  cause  their  hearts 
to  stop  beating.*   They  were  then  put  into  distilled  water  or  dif- 
ferent salt  solutions  to  find  out  in  which  solution  they  recover 
most  quickly.    The  most  unexpected  result  obtained  was  that 
if  "the  embryos  had  been  suflSciently  poisoned  they  would  not  re- 
cover at  all  or  only  in  exceptional  cases  when  put  into  distilled 
water  or  into  a  solution  of  saccharose,  while  they  recovered  rapidly 
win  en  put  into  different  salt  solutions. 

^e  will  first  discuss  the  fact  that  embryos  whose  hearts  had 
stopped  beating  under  the  influence  of  a  sufficient  dose  of  KCl 
did  not  begin  to  beat  when  put  into  distilled  water^  or  into  a  so- 
luLt^ion  of  saccharose,  and  that  such  eggs  which  had  not  recovered 
in  distilled  water  after  a  number  of  days  recovered  in  less  than  a 
when  put  into  a  salt  solution. 
-A  number  of  eggs  with  embryos  whose  heart  beat  had  developed 
wexe  put  into  a  m/2  KCl  solution  for  three  and  a  half  hours.  Sixty 
^ess  whose  hearts  had  stopped  beating  were  distributed  in 
't'W-o  dishes,  one  containing  sea  water,  the  other  distilled  water. 
Table  III  gives  the  rate  at  which  the  eggs  recovered. 


TABLE  III. 


After 

Number  of  hearts  which  began  to  beat  in 

Sea  water 

HtO 

kn. 

1 

0 

0 

2 

2 

0 

3 

7 

0 

4 

11 

0 

5i 

20 

2 

Si 

27 

2 

In  a  m/2  KCl  solution  the  hearts  stop  beating  in  less  than  3i  hours, 
"^t.  the  results  are  clearer  if  the  eggs  contain  an  excess  of  KCl. 

•  The  reader  will  remember  that  distilled  water  is  harmless  for  these  eggs 
that  the  embryos  of  Fundulus,  while  marine  organisms,  will  develop, 
^tch,  and  live  in  distilled  water. 
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The  next  morning  all  thirty  eggs  had  recovered  in  sea  wa't^sr 
and  only  three  eggs  in  distilled  water.  The  eggs  which  had  n.czi3t 
recovered  in  distilled  water  were  then  put  into  sea  water,  whoiMr-e 
they  recovered  at  almost  but  not  quite  the  same  rate  as  tho^^ 
originally  put  into  sea  water  (Table  III),  namely  two  after-  2 
hours,  five  after  4  hours,  nine  after  5J  hours,  and  twenty-t^is^^^o 
after  9  hours,  had  recovered  and  the  next  morning  all  had  ac-^- 
covered,  showing  beating  hearts. 

A  saccharose  solution  no  more  permits  the  recovery  of  feli.e 
heart  after  KCl  poisoning  than  does  H2O.  Eggs  that  had  b&«ii 
treated  for  three  and  a  half  hours  with  a  m/2  KCl  solution  a»3ci.d 
whose  hearts  had  stopped  beating  were  put  into  H2O,  m/2,  m^^S, 
and  m/32  saccharose,  and  into  sea  water,  and  the  number 
beating  hearts  was  ascertained  (Table  IV).  Twenty  embry^^s 
were  put  into  each  solution. 


TABLE  IV.* 


After 

Number  of  hearts  which  began  to  beat  after  standstill  in  KCl,  in 

Sea  water 

HsO 

11/2  saccharose 

m/8  saccharoae 

M/82  aacchaL  ^ 

kn. 

li 

1 

1 

0 

0 

0 

3 

7 

2 

0 

0 

0 

^ 

13 

2 

0 

0 

0 

7i 

18 

2 

1 

0 

0 

21i 

20 

2 

2 

0 

0  . 

47i 

20 

3 

.2 

1 

0 

96 

20 

2 

0 

1 

0 

*  Attention  should  be  called  to  the  fact  that  after  96  hours  only  two 
hearts  were  beating  in  H3O,  while  three  had  been  beating  after  47}  hours. 
This  observation  is  not  uncommon  in  the  recovery  experiments  and  is  due 
to  the  fact  that  a  heart  may  beat  for  a  little  and  then  stop  again  without 
recovering  permanently. 


There  was  therefore  in  four  days  practically  no  recovery  of 
the  eggs  which  had  been  in  H2O  or  saccharose  solutions,  while 
the  eggs  put  into  sea  water  had  almost  all  recovered  in  seven  and 
a  half  hours. 

The  eggs  that  had  not  recovered  in  the  H2O  or  in  the  sugar  solu- 
tions were  not  dead.  In  order  to  test  this,  those  that  had  not 
recovered  in  H2O  and  in  m/32  saccharose  in  four  days  were  put 
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into  m/8  solutions  of  NaCl,  NaiS04,  Nal,  and  NaCNS.  In  six 
hours  all  or  the  majority  of  the  eggs  recovered. 

The  question  arose,  how  long  can  the  eggs  poisoned  with  KCl 
live  in  distilled  water  without  recovering  and  without  losing  the 
power  of  recovering  when  put  into  a  salt  solution? 

Twenty-one  eggs  were  put  for  five  and  a  half  hours  into  a  m/2 
KCl  solution  and  then  transferred  to  H2O,  where  they  remained 
for  seven  days.  During  all  this  time  only  three  hearts  began  to 
beat  again.  Nine  of  the  remaining  eighteen  eggs  were  then  put 
into  m/8  Na2S04;  after  eighteen  hours  the  hearts  were  beating 
in  every  one  of  the  nine  eggs.  The  other  nine  eggs  remained 
for  five  days  longer  in  distilled  water  during  which  time  none  of 
thorn  began  to  beat  again.  They  were  then  put  into  normal  sea 
^a.ter  and  in  six  hours  the  hearts  were  beating  in  six  of  these 
-Rgrs,  but  the  others  did  not  recover  even  after  a  longer  exposure, 
r^is  experiment,  therefore,  shows  that  some  of  the  eggs  which 
^^ci  not  recuperated  from  KCl  poisoning  in  twelve  days  were  still 
''fc^lc  to  recover  in  a  short  time  when  put  back  into  sea  water, 
t^fe^  circulation  was  not  established  in  these  extreme  cases,  which 
^ciicates  that  the  long  cessation  of  the  heart  beat  is  not  entirely 
^^armless  if  the  temperature  is  high,  as  was  the  case  in  these 
^cj>eriinents. 

Hiese  and  many  similar  experiments  show  that  the  recovery 
the  Fundulus  egg  poisoned  with  KCl  is  only  possible  in  a  salt 
^lution  and  not  in  distilled  water  nor  in  a  solution  of  saccharose 
(Mid  probably  other  non-electrolytes). 

Only  when  the  KCl  has  acted  but  a  short  time  can  the  hearts 
i^cover  in  HoO  or  a  saccharose  solution. 

IV.  THE   RELATIVE   EFFICIENCY   OF  DIFFERENT   SALTS   FOR  THE 
RECOVERY  OF  EGGS  POISONED  WITH  KCl. 

We  have  seen  that  eggs  poisoned  with  KCl  will  recover  quickly 
when  put  into  a  salt  solution  but  will  not  recover  in  H2O  or  a 
saccharose  solution.   When  put  into  a  salt  solution  eggs  poisoned 
with  KCl  will  recover  the  more  quickly  t)\e  higher  (within  cer- 
tain limits)  the  concentration  of  the  salt  of  the  surrounding  solu- 
tion.   One  experiment  each  of  recovery  in  Na2S04  and  NaCl 
of  different  concentrations  may  serve  as  examples.    Both  sets 
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of  experiments  were  made  simultaneously.  A  large  number"  of 
eggs  of  the  same  age  were  put  for  three  and  a  half  hours  int«  a 
m/2  KCl  solution  and  those  whose  hearts  had  stopped  beating 
were  selected  for  the  experiment.  Twenty  eggs  were  put  into 
each  of  the  following  solutions  of  Na2S04  and  NaCl.  As  a  con- 
trol the  recovery  of  such  eggs  in  H2O  and  in  sea  water  was  stlso 
noted  (Tables  V  and  VI). 

TABLE  V. 


Number  of  hearts  which  began  to  beat  in 


After 

M/4 

M/8 

M/16 

M/32 

M/64 

11/1281^^^ 

hrs. 

1 

2 

0 

1 

0 

0 

2 

6 

3 

5 

0 

2 

3 

13 

11 

7 

2 

2 

5 

20 

19 

19 

13 

4 

7i 

20 

20 

20 

IS 

11 

19 

20 

20 

20 

20 

19 

17 

TABLE  VL 


After 

Number  of  hearts  which  began  to  beat  in 

HjO 

Sea  water 

M/16 

M/32 

m  /128  ^ 

hrs. 

1 

0 

1 

1 

0 

0 

0 

0 

2 

0 

3 

4 

3 

0 

0 

0 

3 

0 

6 

10 

4 

1 

0 

0 

5 

0 

10 

20 

17 

7 

2 

0 

7i 

0 

17 

20 

20 

17 

6 

0 

19 

0 

20 

20 

20 

19 

16 

0 

Several  facts  are  worthy  of  notice.  First,  the  tables  show  as 
stated  that  the  hearts  begin  to  recover  the  more  quickly  from  the 
previous  poisoning  in  KCl  the  more  concentrated  the  solution. 
Second,  a  comparison  of  identical  concentrations  of  NaCI  and 
Na2S04  shows  that  the  eggs  recover  more  quickly  in  NasS04 
than  in  NaCl,  and  that  the  efficiency  of  NaaSOi  is  more  than  twice 
as  great  as  that  of  NaCl  for  equal  concentrations,  since  a  m/64 
solution  of  Na2S04  corresponds  in  efficiency  to  a  m/16  solution 
of  NaCl  and  a  m/32  NaCl  solution  to  a  m/128  solution  of  NasS04. 
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The  third  fact  worth  noticing  is  that  sea  water  is  less  efficient  than 
N'&Cl  of  the  same  osmotic  pressure.  We  were  also  surprised  to 
find  (in  experiments  which  we  shall  not  record  here)  that  the 
addition  of  CaCU  to  NaCl  does  not  increase  the  inhibiting  influ- 
ence of  the  latter  salt  upon  the  diffusion  of  KCl  into  or  from  the 

We  now  wish  to  show  that  the  effect  of  the  salts  upon  the  rate 
of  recovery  of  the  egg  is  influenced  very  strongly  by  the  anion 
of  the  salt  or  salts  added. 

Eggs  were  put  into  a  m/2  KCl  solution  for  three  hours,  and 
those  in  which  the  hearts  had  stopped  beating  were  selected  as 
usiaal  for  the  experiment.  Twenty  eggs  were  put  into  the  solu- 
tion of  the  following  different  salts,  all  in  a  concentration  of 
and  a  control  of  m/32  sea  water. 

TABLE  vn. 


Infiuence  of  Anion  upon  Number  of  Hearts  Recovering  from  KCl, 


Sea 
waUr 

NaCI 

NaBr 

Nal 

NaNOt 

NaCNS 

Na 
acetate 

Na« 

tartrate 

NasSOi 

Na, 

citrate 

2} 

0 

2 

3 

4 

2 

0 

2 

6 

5 

10 

2 

4 

6 

8 

5 

4 

6 

12 

13 

14 

5 

9 

8 

10 

11 

7 

12 

14 

19 

11 

11 

14 

18 

17 

16 

20 

19 

19 

20 

Dead. 

The  most  important  results  are  those  obtained  after  two  and 
^Hree-quarters  and  four  and  one-quarter  hours.   They  show 
^Vxat  the  relative  efficiency  of  the  anions  follows  the  order  from 
^he  most  efficient  to  the  least  efficient: 


Citrate  >  sulphate  >  tartrate  >  acetate,  iodide  >  Br  >  CI,  NOs. 

The  position  of  NaCNS  is  doubtful;  it  acts  slowly,  but  all  hearts 
finally  recover.  The  sea  water  is  less  efficient  even  than  NaCl, 
indicating  an  inhibiting  effect  of  some  substance  contained  in  the 
sea  water  (Mg  or  NaOH?). 

The  case  of  Naj  citrate  requires  a  short  discussion.  It  is  ob- 
vious that  at  first  the  number  of  eggs  which  recover  in  Naa  citrate 
is  greater  than  in  any  of  the  other  salts,  but  the  superiority  is 
only  evident  at  first.   This  strange  result  finds  its  explanation 
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in  the  fact  that  while  the  citrate  is  the  most  eflBcient  ion  in  caus- 
ing the  recovery  it  is  at  the  same  time  very  toxic  and  after  about 
four  hours  gradually  kills  the  embryos.  If  we  select  a  lower  con- 
centration in  which  the  toxicity  of  the  citrate  is  naturally  less  the 
greater  relative  efficiency  of  the  citrate  for  recovery  comes  out 
very  clearly. 

In  the  following  experiment  (Table  VIII)  the  number  of  eggs 
which  recovered  in  very  weak  solutions  of  NaCl,  Na2S04,  and 
Nas  citrate  was  ascertained.  The  eggs  had  been  kept  for  three 
hours  in  3/8  m  KCl  and  those  whose  hearts  had  stopped  beating 
were  selected  for  the  experiment.  Controls  were  made  in  H2O 
and  normal  (m/2)  sea  water.  Only  ten  eggs  were  put  into  each 
solution. 

TABLE  VIII. 


Number  of  eggs  previouBly  poiBoned  by  KCl  which  recovered  in 


After 

HiO 

if/2  sea 
water 

NaCl 

NatSOi 

Naa  citrate 

u/m 

M/256 

M/64 

M/128 

M/258 

11/64 

M/128 

M/256 

hr: 

2 

1 

8 

2 

1 

1 

5 

3 

4 

8 

7 

6 

The  experiment  shows  that  m/256  Naj  citrate  in  spite  of  its 
toxicity  is  indeed  more  efficient  than  m/64  Na2S04  and  con- 
siderably more  efficient  than  m/64  NaCl  in  accelerating  the 
recovery  of  the  eggs  from  KCl  poisoning.  The  relative  efficiency 
of  the  three  salts  increases  therefore  with  the  valency  of  the  anion. 

Experiments  were  made  with  phosphates  to  further  test  the 
idea  concerning  the  influence  of  the  valency  of  the  anion.  NaaPO^, 
NaaHP04,  and  NaH2P04  were  used.  In  the  alkaline  (Na3P04) 
solution  the  eggs  were  killed  too  rapidly  to  give  any  result.  The 
di-  and  monosodium  phosphates  were  extremely  efficient;  the 
monosodium  phosphate  on  account  of  its  acidity  could  only  be 
used  in  concentrations  below  m/32.  The  eggs  were  put  for  three 
and  a  half  hours  into  m/2  KCl  and  those  whose  hearts  had  stopped 
beating  were  used  for  the  experiment.  Controls  were  made  with 
H2O,  sea  water,  and  NaCl  solution  of  various  concentrations. 
Ten  eggs  were  put  into  each  solution. 

It  appears  that  in  m/256  Na2HP04  the  recovery  is  as  rapid  as 
in  m/8  NaCl.   NaH2P04  is  apparently  just  as  efficient  as  Na2HP04 
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TABLE  DC. 

Recovery  from  KCl  in  NaCl  and  Phosphates. 


Kiiniv  of  MilttUiiii 


Numbtrrof        tirevkoiir*)  v  fiii'Fimr.cMl  by  KCl 


1 

2 

a 

4 

5 

% 

20 

7 

hr. 

bra- 

,diii>'ii 

0 

0 

0 

0 

0 

2 

5 

3 

0 

2 

2 

2 

5 

10 

10 

0 

0 

0 

1 

1 

6 

10 

10 

a/lJWIL.-..;.^.,.,,.,,  

a 

0 

1 

2 

5 

9 

10 

10 

ifcSyiCl...,..,..  

a 

1 

1 

4 

9 

10 

10 



0 

0 

0 

5 

5 

7 

0 

1 

a 

4 

7 

11/256  XaCL.  

0 

L 

1 

2 

11^532  XiiCI  

2 

5 

M/32Xa»HPO*.,.,,, 

1 

5 

7 

7 

9 

10 

10 

ir/64XasHPO*....,., ........... 

0 

1 

2 

a 

4 

7 

10 

M/mxa,HPO^.,. 

1 

1 

2 

4 

6 

9 

10 

J*/25eNa^POi.,,.,  

0 

i 

1 

2 

9 

9 

"/5I2Na»HP04,.,...,.  

0 

0 

0 

0^ 

0 

2 

6 

0 

0 

1 

2 

2 

1 

0 

«/tttPfiH,PO^.....,  

0 

3 

5 

5 

7 

3 

0 

t/ISSXaHtPO*...,   

a 

1 

2 

5 

6 

2 

1 

*'/^^6  XaH.PD*  

0 

0 

I 

3 

3 

8 

8 

i^^lSNaHiPO*  

0 

0 

0 

2 

9 

except  that  the  acid  of  the  solution  kills  the  eggs  before  the  re- 
^Very  is  complete.    The  effects  in  the  lower  concentrations  of 
^aBjP04  (m/128  and  m/256)  and  after  a  short  exposure  (four  to 
hours)  are  fully  as  good  as  those  in  Na2HP04. 
If  we  try  to  express  the  effect  of  the  increasing  valency  of  the 
^on  in  figures  our  results  show  that  approximately 

NajS04  Nas  citrate 

m/16  NaCl  =  m/64       or       =  m/266  or 

Na«  tartrate  Na4HP04. 

I^iis  approximates  Hardy's  rule  that  the  ion  effect  should  be 
^  Exponential  function  of  the  valency. 

^V'e  feel  justified  in  stating  that  the  accelerating  effect  of  salts 
^Pon  the  recovery  of  hearts  previously  poisoned  with  KCl  is 
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an  anion  effect  inasmuch  as  it  increases  with  the  valency  of  th^ 
anion  apparently  in  agreement  with  Hardy's  rule,  and  inas- 
much as  the  acetate  is  much  more  efficient  than  the  chloride. 


In  the  earlier  experiments  on  the  antagonization  of  KCl  hy 
NaCl  and  Na4S04  in  the  adult  fish,  Loeb  and  Wasteneys  were 
inclined  to  ascribe  this  effect  to  a  competition  between  the  Na  and 
K  for  a  common  colloidal  anion.  This  idea  was  based  on  the  faci 
that  NajS04  seemed  to  be  about  twice  as  efficient  as  NaCl;  while 
in  the  case  of  an  anion  effect  the  efficiency  of  Na2S04  should  hav« 
been  greater  than  twice  that  of  NaCl  (according  to  Hardy's 
rule  on  the  influence  of  valency  upon  the  precipitating  effect) 
The  experiments  on  the  adult  fish  were  limited  by  the  fact  thai 
the  majority  of  Na  salts  (e.g.,  Naj  tartrate,  Naa  citrate,  etc.)  are  sc 
toxic  that  they  could  not  be  tested  for  their  antagonistic  effeci 
upon  KCl. 

In  the  new  experiments  on  the  recovery  of  eggs  poisoned  with 
KCl  these  difficulties  did  not  exist  and  Hardy's  rule  was  confirmed 

That  the  greater  efficiency  of  Na2S04  is  due  to  the  anion  and 
not  to  the  fact  that  this  salt  contains  twice  the  amount  of  N« 
(though  not  twice  the  amount  of  Na  ions)  as  NaCl,  could  be  provec 
also  by  comparing  the  effect  of  MgCU  and  MgS04  upon  the 
recovery  of  eggs  previously  poisoned  with  KCl.  Such  an  experi- 
ment is  reported  in  Table  X.  Eggs  were  put  into  m/4  KCl  for 
twenty-four  hours  and  those  whose  hearts  had  stopped  beating 
were  selected  for  a  recovery  experiment.  Ten  eggs  were  pul 
into  each  of  the  following  solutions,  m/8  MgCU,  m/8  MgS04 
m/8  NaCl,  m/8  Na2S04,  and  H2O.  The  number  of  beating 
hearts  in  each  solution  was  ascertained  at  various  intervals. 


V.  THE  INFLUENCE  OF  THE  CATION. 


TABLE  X. 


Niimber  of  beating  hearts  of  eggs  previously  poisoned  with  KCl  in 


After 


HtO 


M/8  MgClt 


M/8  MgS04 


M/8  NaCl 


m/8  NatS04 


2 
5 
11 


0 
0 
1 


3 


2 


1 


2 
6 
9 


3 
5 
7 


5 
8 
10 
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The  experiments  show  that  m/8  MgS04  is  more  than  twice  as 
efficient  as  m/8  MgCU  although  the  concentration  of  the  cation 
is  the  same  in  both  solutions.  This  leaves  no  doubt  that  the 
difference  in  efficiency  must  be  ascribed  to  the  anion.  At  the 
same  time  it  is  obvious  that  m/8  NaCl  is  more  efficient  than 
m/8  MgCU  although  the  latter  solution  contains  twice  as  much 
CI  as  the  former.  This  suggests  the  possibility  that  Mg  may 
inhibit  the  recovery  of  the  eggs  from  potassium  poisoning,  while 
the  anions  favor  the  recovery. 

This  idea  led  to  an  investigation  of  the  effect  of  different  cat- 
ions upon  the  recovery  of  eggs  previously  poisoned  by  KCl. 
Eggs  were  put  for  twenty-five  hours  into  m/4  KCl  and  those  whose 
hearts  had  stopped  beating  were  selected  for  the  experiment. 
They  were  then  distributed  into  m/8  LiCl,  NaCl,  RbCl,  CsCl, 
NH4CI,  MgClj,  CaCU,  SrCU,  and  BaCU  solutions  and  the  num- 
ber of  those  recovered  whose  hearts  were  beating)  was  ascer- 
tained. Ten  eggs  were  put  into  each  solution. 

TABLE  XI. 


Number  of  hearts  previously  poisoned  with  KC\  bepting  in 


HjO 

M/S 

LiCl 

if/8 

NaCl 

M/8 

RbCl 

M/8 

CsCl 

M/8 

NH4C1 

M/8 

MgCls 

m/8 
CaCl 

M/8 

SrCh 

M/8 

BaCls 

2 

0 

7 

5 

0 

1 

4 

2 

4 

1 

0 

5 

1 

7 

8 

1 

1 

5 

2 

7 

2 

2 

10 

1 

10 

10 

2 

1 

6 

3 

6 

2 

3 

48 

0 

10 

10 

1 

0 

6 

5 

6 

4 

1 

Those  eggs  which  had  not  yet  recovered  were  then  put  into 
8€a  water  to  find  out  whether  the  salt  solution  had  killed 
them  or  whether  it  had  only  prevented  their  recovery.  The 
latter  was  the  case  with  those  in  H2O,  MgCU,  SrCU,  RbCI, 
NH4CI,  which  recovered  very  rapidly  in  sea  water.  In 
CaCl,  four  had  been  killed  by  the  CaCl,  and  the  same  was  true 
^th  some  in  BaCls.  Those  in  CsCl  recovered  only  very  slowly, 
^bich  may  indicate  a  superposition  of  a  Cs  effect  over  that  of 
K.  Making  allowance  for  such  complications,  the  results  are 
intelligible  on  the  assumption  that  the  anions  of  the  solution 
(in  this  experiment  the  CI  ions)  are  responsible  for  the  recovery 
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of  the  eggs  from  KCl;  and  that  the  cations  may  have  only  a 
tarding  effect.   The  latter  is  a  minimum  in  the  case  of  Li,  is  1>*^^  . 
slightly  greater  in  the  case  of  Na,  and  rises  rapidly  in  the  case  ^\ 
NH4,  Rb,  and  Cs.    As  far  as  the  alkali  earth  metals  are  concerne^^  ^ 
it  is  great  in  Mg,  less  in  Ca,  and  is  greater  again  in  Sr  and  B^^^^ 
The  writers  make  this  statement  about  a  possible  retarding  effec^^^ 

of  the  cations  not  without  reluctance.    We  shall  see  in  the  nex^^^^  

section  that  the  hydrogen  ion,  though  a  cation,  favors  the  recov-^"^ 
ery,  while  HO,  though  an  anion,  does  not  favor  the  recovery. 

VI.  THE  ROLE  OF  ACIDS  AND  BASES  IN  THE  RECOVERY 
|0P  ANIMALS  POISONED  WITH  KCl. 

It  seemed  of  importance  to  ascertain  the  influence  of  acids  and  ^ 
bases  upon  the  recovery  of  embryos  poisoned  with  KCL    The  ^ 
investigation  of  this  problem  is  restricted  by  the  high  toxicity  ^ 
of  both  acids  and  bases,  which  when  they  diffuse  through  the 
membrane  of  the  egg  soon  kill  the  embryo.    It  is,  therefore,  neces- 
sary  to  work  with  low  concentrations  of  these  substances  and  onl> 
consider. the  effect  during  the  first  few  hours  before  the  acid  or 
alkali  has  had  time  to  kill  the  embryo.    Under  such  conditions 
it  was  found  that  if  a  trace  of  acid  is  added  to  distilled  water 
the  embryos  may  recover  from  potassium  poisoning  while  other- 
wise they  will  not. 

In  one  experiment  eggs  were  put  into  a  m/4  KCl  solution  for 
thirteen  hours.  Those  whose  hearts  had  stopped  beating  were 
distributed  into  the  following  solutions.  Each  solution  contained 
ten  eggs.    (Table  XII.) 

It  is  obvious  that  the  addition  of  0.1  cc.  acetic  acid  to  50  cc.  of 
distilled  water  accelerates  the  recovery  of  the  eggs  almost  as  much 
as  if  they  had  been  put  into  normal  sea  water.  It  is,  moreover, 
obvious  that  the  embryos  are  very  soon  killed  by  the  acid  itself 
as  is  indicated  by  the  coagulation  of  such  embryos.  The  acid 
becomes  more  efficient  for  the  recovery  of  the  eggs  poisoned  with 
KCl  the  higher  the  concentration  of  the  acid;  but  at  the  same 
time  the  eggs  are  killed  more  rapidly  by  the  acid. 

Since  the  point  is  of  importance  another  experiment  may  be 
quoted.  Eggs  had  been  put  into  H2O  for  twenty-four  hours  and 
only  a  few  recovered.    The  others  were  distributed  into  various 
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TABLE  XII. 


«*o  

water.  

acetic  aci<i . . , , . 
^  cc,  Mfi  -f  0.2  cc. 

to    cc.         +  0.4  cc. 
acetic  acid  -  * .  - , 


Number  of  i 


5  bra. 


(S  killed) 


10  kn. 


2 
8 

5 

1  (5  killed 
by  acid) 

1  (0  killed 
by  acid) 


AU  k£ll«lby  »cid. 
All  killed  by  a«iil. 


solutions  and  the  number  of  recoveries  is  stated  in  Table  XIII. 
Each  solution  contained  ten  eggs. 

The  accelerating  influence  of  a  trace  of  acid  upon  the  recovery 
from  KCl  poisoning  is  unmistakable.  Slight  effects  were  also 
<>t>tained  with  very  weak  HCl,  and  citric  and  tartaric  acids. 

All  attempts  to  obtain  similar  effects  with  bases  (NaOH, 
>rH40H,  NaaCOs,  NajPO^  were  in  vain. 

It  is  also  possible  to  slightly  retard  the  poisoning  of  the  em- 
bryos through  the  addition  of  a  trace  of  acid  to  the  KCl  solution. 
These  experiments  are,  however,  not  so  striking,  possibly  on  ac- 
coimt  of  the  disproportion  between  the  concentration  of  KCl 
and  acid. 

TABLE  Xm. 


Nature  of  solution 


Number  of  eggs  which  recovered  from  previous  poisoning 
with  KCl  after 


Ihr. 

2hr8. 

3  hrs. 

4  hrs. 

6  hrs. 

18  hrs. 

H,0  (21  eggs)  

0 

0 

2 

2 

2 

3 

0 

1 

4 

5 

7 

10 

50  cc.  H,0  4-  0.2  CO. 

acetic  acid  

1 

3 

5 

5 

7 

0  (all  killed 

50  cc.  H,0  +  0.4  cc. 

by  acid). 

acetic  acid  

0 

3 

4 

Killed  by  acid. 
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VII.  ON  THE  IMMUNIZATION  OF  THE  EGGS  AGAINST  KCl 
BY  DISTILLED  WATER. 

We  now  come  to  the  description  of  a  curious  group  of  isL<^^ 
which  we  found  in  the  course  of  these  experiments.   We  Ix^* 
noticed  that  eggs  treated  for  twenty-four  hours  with  a  very  dilmx^ 
solution  of  KCl,  which  did  not  stop  their  heart  beat,  were  mvx^^ 
more  resistant  to  a  KCl  solution  of  higher  concentration  than  eg^S 
taken  directly  from  normal  sea  water  and  put  into  a  KCl  soluticp^ 
of  the  same  concentration.   This  observation  (which  might  hav^ 
suggested  to  a  layman  the  possibility  of  an  "adaptation"  to  th^ 
poison)  induced  us  to  try  the  effects  of  a  previous  treatment  o:^ 
the  eggs  with  distilled  water  before  they  were  put  into  m/2  KCU 
It  was  found  that  embryos  which  had  been  kept  over  night  in 
H2O  were  more  resistant  to  KCl  than  eggs  which  had  been  put 
directly  from  sea  water  into  a  KCl  solution  of  the  same  concen- 
tration.  Thus  in  one  case  seventy-three  eggs  were  put  directly 
from  sea  water  into  a  m/2  KCl  solution  and  the  same  was  done 
with  ninety-six  eggs  of  the  same  lot  which  had  been  kept  for  about 
twelve  hours  in  distilled  water.   After  three  hours  all  the  hearts 
of  the  first  lot  stopped  beating,  while  only  twenty-two  of  the  ninety- 
six  eggs  previously  treated  with  H2O  had  stopped  beating.  Finally 
the  latter  eggs  also  succumbed  to  the  influence  of  KCl,  but  it 
required  a  considerably  longer  time.   The  H2O  had  brought 
about  a  change  in  the  egg  which  retarded  the  poisonous  action 
of  KCl  upon  the  embryo.    It  may  be  stated  again  that  the 
embryo  of  Fundulus  develops  as  normally  in  H2O  as  in  sea  water. 

Systematic  experiments  were  then  made  in  which  the  eggs  were 
put  for  different  lengths  of  time  into  H2O  before  they  were  put 
into  the  m/2  KCl  solution  to  find  out  how  the  H2O  would  delay 
the  action  of  KCl  upon  the  eggs.  The  eggs  were  all  of  the  same 
age.  Twenty  eggs  were  put  directly  from  sea  water  into  m/2 
KCl  and  the  number  of  beating  hearts  was  ascertained  each  hour. 
The  next  twenty  eggs  were  put  for  one-quarter  of  an  hour  into 
H2O  before  being  put  into  the  m/2  KCl  solution,  the  next  lot  of 
eggs  were  kept  for  one-half  hour  in  F2O  before  being  put  into  the 
m/2  KCl  solution,  and  so  on.  Table  XIV  gives  the  result  of  such 
an  experiment. 

The  result  is  most  striking.   When  eggs  are  put  directly  from  ' 
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TABLE  XIV. 

^^Jluence  of  Previous  Treatment  of  Eggs  with  Hfi  upon  the  Rate  of  Poisoning 

by  KCl. 


I'Utie  during  whidh  eggs  had  been  in  HtO 
before  being  put  into  ii/2  KCl 

Number  of  hearts  beating  in  m/2  KCl  after 

1  hr. 

2  hrs. 

4hr8. 

24  hrs. 

^ot  in  HxO  

4 

3 

1 

0 

15  min  

9 

2 

2 

0 

30  mm  

12 

4 

3 

0 

1  hr  

15 

5 

3 

0 

2  Hrs  

15 

10 

7 

0 

4  hrs  

16 

10 

0 

6  hrs  

20 

22  hrs  

20 

18 

13 

2 

sea.  water  into  m/2  KCl  in  one  hour  80  per  cent  have  no  more  heart 
beat;  when  the  eggs  are  put  for  only  fifteen  minutes  into  H2O 
before  being  put  into  the  m/2  KCl  solution  only  65  per  cent  of 
the  hearts  stop  beating  in  one  hour.    When  they  are  put  for  six 
hours  into  HjO  before  being  put  into  m/2  KCl  no  hearts  stop  beat- 
ing in  one  hour.   When  the  eggs  are  put  for  a  day  into  distilled 
water  before  being  put  into  m/2  KCl  they  show  a  still  higher 
degree  of  resistance  to  KCl. 

This  resistance  to  KCl  is  reversed  but  slowly  when  the  eggs  are 
put  back  into  sea  water  after  the  H2O  treatment.   It  was  found 
that  in  the  eggs  of  one  set  all  the  hearts  stopped  beating  when  the 
eggs  had  been  in  m/2  KCl  for  two  hours.    Eggs  of  the  same  set 
that  had  previously  been  put  for  forty-seven  hours  into  dis- 
tilled water  had  all  (with  the  exception  of  one)  beating  hearts  after 
they  had  been  exposed  to  the  m/2  KCl  solution  for  two  hours.  A 
third  group  of  the  same  eggs  was  put  into  H2O  for  twenty-four 
hours,  then  into  sea  water  for  eighteen,  and  was  then  submitted 
to  m/2  KCl  (simultaneously  with  the  two  other  sets).  After 
two  hours,  six  hearts  of  this  lot  were  still  beatijig. 

VIII.  THE  INFLUENCE  OP  THE  CONCENTRATION  OF  ELECTRO- 
LYTES UPON  THE  SUBSEQUENT  EFFECT  OF  KCl. 

It  may  be  well  to  discuss  briefly  a  theoretical  point  before  we 
go  further.  When  eggs  were  poisoned  with  KCl  so  that  the 
hearts  had  stopped  beating  they  did  not  as  a  rule  recover  when 
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put  into  distUled  water.    Since  the  recovery  cannot  take  pla 


unless  the  KCl  diffuses  out  of  the  egg  we  will  assume  that  tft^^ 
eggs  do  not  recover  in  distilled  water  from  KCl  poisoning  becau^^^ 
the  KCl  cannot  diffuse  from  the  egg  into  the  distillejl  water.  Th^^^ 
assumption  will  also  explain  why  eggs  which  have  been  putfo 
some  time  into  H2O  will  be  poisoned  much  more  slowly  wh< 
put  afterwards  into  a  m/2  KCl  solution.    If  we  assume  that  thi 
immersion  of  the  eggs  in  the  distilled  water  causes  the  formatioi 
of  a  layer  of  distilled  water  in  the  network  of  fibrils  forming  th( 
egg  membrane  we  can  understand  that  such  a  layer  of  Hj< 
forms  as  efficient  a  barrier  against  the  diffusion  of  KCl  through  th( 
membrane  into  the  egg,  as  does  the  H2O  for  the  diffusion  of  KCl 
from  the  egg  previously  poisoned  with  KCl  when  such  an  egg  is 
put  into  distilled  water. 

Considerations  of  this  kind  led  us  to  expect  that  when  we  put 
eggs  for  some  time  into  different  concentrations  of  a  salt  solution 
previously  to  putting  them  into  m/2  KCl  the  eggs  should  be  the 
more  resistant  to  the  KCl  the  lower  the  concentration  of  the  salt 
in  which  they  had  previously  been  kept. 

Twenty  eggs  were  placed  for  eleven  hours  into  each  of  the 
following  solutions:  m/2  and  m/8  sea  water,  and  H2O.  From 
here  they  were  transferred  into  m/2  KCl  and  the  rate  at  which 
they  were  poisoned  was  ascertained.  Each  solution  contained 
twenty  eggs.  Table  XV  gives  the  number  of  embryos  whose 
hearts  were  still  beating. 

TABLE  XV. 


EKg8  11  hrs.  in 

Number  of  hearts  beatiog  in  m/2  KCI  after 

1  hr. 

5  hra. 

13  hrs. 

24  hrs. 

H,0  

20 

19 

16 

13 

m/2  sea  water  

3 

2 

0 

0 

m/8  sea  water  

20 

17 

8 

0 

While  the  embryos  transferred  into  m/2  KCl  from  m/2  sea  water 
had  practically  all  ceased  to  have  a  heart  beat  after  one  hour 
(only  three  of  twenty  had  heart  beats)  the  hearts  of  those  from 
m/8  sea  water  and  from  H2O  were  at  that  time  all  still  beating. 
The  immunity  induced  by  H2O  was,  naturally,  of  greater  duration 
than  that  given  by  m/8  sea  water. 
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An  experiment  with  various  low  concentrations  of  NaCl  con- 
finns  this  result  and  shows  that  below  m/8  solutions  a  further 
lowering  of  the  concentration  of  NaCl  has  comparatively  little 
influence.  Eggs  were  kept  for  twelve  and  one-half  hours  in 
\f/16,  m/32,  m/64  NaCl,  and  H2O  and  then  transferred  into 
m/2  KCl.  Twenty  eggs  were  used  in  each  solution.  Table 
XVI  gives  the  result. 


TABLE  XVI. 


Elcgs  previously  kept  for 
12§  hrs.  in 

Number  of  hearts  beating  in  m/2  KCl  after 

1  hr. 

2  hrs. 

3i  hrs. 

6  hrs. 

30  hrs. 

m/16  NaCl  

18 

10 

0 

1 

0 

m/32  NaCl  

19 

8 

2 

1 

0 

M/64  NaCl  

19 

12 

6 

2 

0 

H,0  

19 

17 

8 

3 

0 

M/2  sea  water  

7 

1 

1 

0 

While  the  eggs  taken  from  sea  water  succumbed  to  the  KCl 
in  less  than  two  hours  those  from  H2O  had  practically  all  beating 
Wrts  at  that  time  (seventeen  out  of  twenty).  Those  from 
M/16,  m/32,  and  m/64  NaCl  were  about  midway  between  those 
from  sea  water  and  from  H2O. 

Eggs  that  had  been  kept  in  weak  KCl  solutions  without  suc- 
cumbing to  the  KCl  also  showed  the  effect  of  the  dilution,  i,e,, 
a  greater  immunity  to  m/2  KCl. 

IX.  THE  RELATIVE  TOXICITY  OP  DIFFERENT  POTASSIUM  SALTS. 

The  experiments  thus  far  mentioned  indicate  that  anions  retard 
the  diffusion  of  potassium  into  the  egg,  and  accelerate  such  a  diffu- 
sion out  of  the  egg,  and  that  this  effect  increases  with  their  valency 
of  the  anion  and  is  greater  for  acetate  than  for  CI.  We  have 
compared  the  relative  toxicity  of  equimolecular  concentrations 
of  KCl,  K  acetate,  and  K2SO4.  We  should  expect  that  in  re- 
gard to  toxicity  the  order  should  be  KCl  >  K  acetate  >  K2SO4, 
provided  that  the  anions  have  an  inhibiting  effect  upon  the  dif- 
fusion into  the  egg.  For  such  experiments  concentrations  of 
m/8  or  above  must  be  used  since  we  shall  see  later  that  concen- 
trations of  KCl  below  m/8  are  so  little  poisonous  that  they  cannot 
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be  used  for  obtaining  an  answer  to  our  question.  We  givet^^^ 
series  with  m/8  and  m/2  solutions  of  KCl,  K  acetate,  and  KtSi — ^ 
Twenty  eggs  of  the  same  set  were  put  into  each  solution  and  tfc= 
number  of  embryos  with  beating  hearts  was  determined  aft^* 
certain  intervals.   Table  XVII  gives  the  result. 


TABLE  XVII.  • 


Number  of  embryos  with  hearts  beating  after 

In 

ihr. 

1  hr. 

2  hrs. 

3  hrs. 

5  hrs. 

9  hrs. 

25  hrs. 

M/8  KCl  

15 

11 

8 

8 

8 

7 

7 

1 

m/8  K  acetate  

20 

18 

14 

12 

14 

15 

14 

1 

m/8  Ki  sulphate  

18 

14 

12 

12 

12 

13 

12 

8 

M/2  KCl  

14 

8 

2 

0 

0 

0 

0 

0 

m/2  K  acetate  

17 

7 

4 

1 

1 

0 

m/2  Ks  sulphate.  . . . 

15 

7 

0 

0 

0 

*  It  should  be  stated  that  the  sensitiveness  of  eggs  to  KCl  solutions 
of  lower  concentrations  differs  slightly  for  eggs  of  different  age  and  pos- 
sibly also  of  different  females.  Thus  the  eggs  used  in  Tables  I  and  II 
were  more  sensitive  than  those  used  in  Table  XVII. 


If  we  compare  the  effect  of  m/8  K  acetate  with  that  of  m/8  KCl 
we  notice  that  K  acetate  is  less  toxic  than  KCl;  and  the  same  is 
true  for  K2SO4,  although  in  the  latter  solution  the  concentration 
of  K  is  twice  as  great  as  in  KCl. 

The  same  result  appears  in  the  m/2  solutions  though  not  quite 
so  strikingly.  These  experiments  therefore  conform  with  the 
facts  put  into  evidence  in  the  previous  chapters  of  this  paper 
showing  that  the  anions  inhibit  the  diffusion  of  K  into  the  egg. 

We  have  mentioned  that  the  lower  concentrations  of  K  salts 
are  very  little  poisonous  for  the  embryo.  This  fact  is  very  re- 
markable and  deserves  attention.  In  Table  XVIII  are  given 
the  results  of  an  experiment  on  the  relative  toxicity  of  different 
concentrations  of  KCl. 

Twenty  eggs  (twelve  days  old)  were  put  into  each  of  the  follow- 
ing KCl  solutions  and  the  rate  at  which  the  hearts  stopped 
beating  was  ascertained.* 

*  It  is  possible  that  the  hearts  of  younger  embryos  are  affected  more 
quickly  by  lower  concentrations  than  the  hearts  of  older  embryos. 
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TABLE  XVIII. 


I 

13  bn. 

21  hr*. 

Ubn. 

TSbn. 

lOA  hn. 

m  hn 

3S8  hi*. 

9 

2 

0 

0 

0 

0 

0 

0 

0 

0 

*/4KCl 

9 

7 

4 

4 

4 

1 

0 

M/S  KCl 

19 

IS 

11 

14 

16 

la 

13 

12 

6 

0 

i«/16  KCl. 

^ 

15 

15 

la 

m 

15 

H 

12 

0 

ir/32  KCL 

21) 

20 

20 

20 

19 

19 

19 

5 

0 

if  /e4  KCL  ,  . . 

2fJ 

19 

19 

10 

2t) 

20 

20 

18 

5 

0 

VX28  KCl... 

% 

m 

20 

20 

20 

20 

20 

20 

6 

1 

"The  striking  fact  is  that  a  m/32  KCl  solution  or  below  is  not 
^<>xic  while  a  m/16  solution  is  but  slightly  toxic.  A  m/16  KCl 
solution  has  approximately  three  times  as  high  a  concentration 
KCl  as  that  in  which  this  salt  is  contained  in  the  sea  water, 
^^^ning  with  m/8  the  toxicity  rises  rapidly.  The  explanation 
^  iiot  simple.  We  might  make  the  assumption  that,  beginning 
^itih  very  low  concentrations,  the  inhibiting  effect  of  the  anion 
^^oreases  at  first  very  rapidly  with  the  increasing  concentra- 
tion of  the  anion,  but  after  that  increases  more  slowly  with 
^creasing  concentration. 

There  is  another  explanation  possible,  based  on  the  fact  that  if 
^S^s  are  treated  with  H2O  or  with  a  weak  solution  of  some  salt 
*^«y  become  more  resistant  to  KCl.  It  may  be  that  in  a  weak 
solution  of  KCl  the  dilution  effect  makes  itself  felt,  inasmuch 
^  inside  the  meshes  of  the  fibrils  of  the  membrane  of  the  egg 
^  layer  of  H2O  or  of  very  dilute  sea  water  is  formed  which  acts 
a  barrier  to  the  further  diffusion  of  KCl  into  the  egg. 

X.  THEORETICAL  REMARKS. 

have  seen  in  this  paper  that  when  an  embryo  is  poisoned  by 
a  potassium  salt  it  cannot  recover  in  H2O  or  a  saccharose  solu- 
tion; but  that  it  will  recover  when  put  into  the  solution  of  an 
electrolyte;  and  that  the  latter's  efficiency  increases  with  the 
valency  of  the  anion.  As  far  as  we  can  see  there  are  two  ways 
in  which  these  facts  might  be  explained:  first,  by  assuming  that 
i*ecovery  is  due  to  the  outside  electroljrtes  diffusing  into 
egg  and  acting  directly  on  the  embryo  or  heart,  whereby 
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the  latter  recovers  from  its  standstill  caused  by  potassium.  The 
second  possible  explanation  is  based  on  the  assumption  that 
the  recovery  of  the  embryo  whose  heart  has  stopped  beating  de- 
pends on  the  diffusing  of  the  KCl  out  of  the  egg  into  the  sur- 
rounding solution.  On  the  basis  of  this  assumption  we  should 
be  forced  to  conclude  that  the  diffusion  of  KCl  from  the  mem- 
brane of  the  egg  into  H2O  or  a  sugar  solution  is  practically  im- 
possible and  that  the  surrounding  solution  must  contain  a  cer- 
tain concentration  of  anions  which  may  be  the  smaller  the  higher 
their  valency  in  order  to  allow  the  potassium  to  diffuse  out. 

It  can  be  shown  that  the  latter  assumption  is  more  probable, 
since  Naa  citrate,  Na2HP04,  and  Naj  tartrate,  which  favor  the 
recovery  of  the  poisoned  egg  of  FunduluSy  are  so  toxic  for  the 
fish  after  it  has  left  the  egg  that  they  kill  it  very  rapidly;  and 
that  they  cannot  be  used  for  the  antagonization  of  potassium 
effects  on  the  adult  fish,  since  they  kill  the  latter  in  much  smaller 
doses  than  those  required  for  the  recovery  of  the  embryo.  Hence 
the  efficiency  of  these  anions  for  the  egg  must  be  based  on  the 
fact  that  they  do  not  diffuse  into  the  egg.  As  a  matter  of  fact, 
we  had  to  mention,  in  the  discussion  of  our  experiments  on  ci- 
trates, that  only  the  results  of  experiments  with  low  concentra- 
tions of  this  salt  and  of  short  duration  could  be  used  for  the 
egg,  since  after  a  little  while  the  citrate  entering  into  the  egg 
killed  the  embryo.  It  is,  therefore,  not  possible  to  assume  that 
the  great  effect  of  the  citrates  upon  the  recovery  of  eggs  pre- 
viously poisoned  with  KCl  is  due  to  a  direct  action  of  these  salts 
on  the  embryo.''  A  second  argument  in  favor  of  the  diffusion 
theory  is  the  fact  that  if  eggs  are  put  for  some  time  into  H2O 
before  being  put  into  the  potassium  solution,  the  latter  will 
poison  the  egg  much  more  slowly.    This  is  only  intelligible  on 

^  In  passing  we  might  remark  that  the  former  experiments  on  antagon- 
istic salt  action  in  the  embryo  of  Fundulus  all  indicated  that  the  antag- 
onistic action  consisted  in  the  prevention  of  the  diffusion  of  the  outside 
salt  solution  into  the  egg.  Thus  the  Fundulus  embryo,  as  long  as  it  is  in- 
side the  egg  membrane,  will  keep  alive  and  float  in  a  solution  of  50  cc.  3 
M  NaCl  -f  1  cc.  10/8  M  CaCls  for  five  days,  while  the  newly  hatched  fish 
is  killed  almost  instantly  in  such  a  solution.  A  10/8  m  solution  of  NaCl  + 
CaCli  is  the  upper  limit  in  which  the  newly  hatched  fish  can  live.  This 
topic  has  been  sufficiently  discussed  in  former  papers  to  which  the  reader 
may  be  referred. 
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the  basis  of  the  assumption  that  the  diffusion  of  KCl  is  retarded 
by  the  previous  treatment  with  HjO,  since  H2O  is  not  antagonistic 
to  the  toxic  effects  of  KCL 

We  are  then  driven  to  the  conclusion  that  the  action  of  electro- 
lyt'CS  upon  the  prevention  and  the  reversal  of  potassium  poison- 
ing in  the  embryo  of  Fundulus  is  due  to  an  influence  of  these  elec- 
trolytes upon,  the  rate  of  diffusion  of  potassium  through  the 
membrane. 

On  this  assumption  our  results  would  lead  us  to  the  conclusion 
that  the  anions  of  the  surrounding  solution  retard  the  diffusion  of 
the  K  ions  into  the  membrane  (and  the  egg)  and  acceleraie  the  dif- 
fusion of  the  K  ions  out  of  the  membrane  {and  the  egg).  If  the  egg 
is  poisoned  with  KCl  and  if  it  is  put  into  H2O  or  a  saccharose 
solution,  the  egg  cannot  recover  on  account  of  the  lack  of  anions 
in  this  solution.  If  normal  eggs  are  put  for  some  time  into  dis- 
tilled water  the  latter  enters  into  the  meshes  of  the  felt-like  mem- 
brane. If  such  eggs  are  subsequently  put  into  m/2  KCl  the  layer 
of  distilled  water  inside  the  membrane  acts  as  a  barrier  through 
which  the  progress  of  the  diffusion  of  the  K  ions  into  the  eggs 
is  retarded;  since  the  more  peripheral  fibers  of  the  membrane 
w)ntaining  potassium  can  no  more  give  it  off  to  a  layer  of  dis- 
tilled water  inside  the  membrane  than  they  can  to  distilled 
water  on  the  outside.  Finally,  when  normal  eggs  are  put 
into  a  KCl  solution  the  retarding  influence  of  the  anions  of  the 
K  solution  is  increased  by  the  influence  of  the  anions  of  the 
rfectrolyte  added,  although  this  action  is  partly  balanced  by 
the  cations  of  the  salt  added. 

It  is  also  of  importance  to  point  out  that  while  the  eggs  poisoned 
with  KCl  can  easily  recover  in  LiCl  or  NaCl  (and  in  the  former 
more  quickly  than  in  the  latter)  they  recover  not  at  all  or  only 
slowly  in  solutions  of  RbCl  or  CsCl.  It  is  also  possible  that 
bivalent  cations  directly  inhibit  the  recovery  since  in  NaCl  the 
^  recover  more  quickly  than  in  MgCU  or  CaCl2. 

In  a  former  paper*  one  of  us  has  already  pointed  out  that  the 
potassium  behaves  in  these  experiments  very  much  like  an  in- 
^ble  basic  dye.  When  we  stain  the  egg  membrane  with  a 
basic  dye,  like  neutral  red,  the  membrane  is  readily  decolorized 
^hen  the  stained  eggs  are  afterwards  put  into  salt  solutions,  while 

•Loeb,  Proc.  Nat.  Acad.  Sc.,  1915,  i,  473. 
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the  stained  eggs  are  not  or  areonly  very  slowly  decolorized  when  put 
into  distilled  water.  If  we  try  to  stain  eggs  in  a  neutral  red  solution 
to  which  salt  is  added,  we  also  notice  a  retardation  of  the  staining. 
These  facts  suggest  that  the  diffusion  of  KCl  or  of  K  through  the 
membrane  of  the  egg  is  a  process  which,  in  its  initial  stage  at  least, 
is  analogous  to  the  diffusion  of  a  basic  dye  through  the  membrane. 
The  common  basis  for  both  phenomena  lies  in  the  nature  of  the 
forces  by  which  neutral  red  and  K  ^.re  held  in  the  membrane. 
We  may  imagine  that  there  exists  in  the  membrane  a  colloidal 
anion  to  which  the  cation,  like  K  or  neutral  red,  is  bound.  These 
binding  forces  are  counteracted  by  the  anions  of  the  surrounding 
solution. 

The  analogy  between  the  behavior  of  potassium  and  neutral 
red  shows  itself  also  in  the  fact  that  when  eggs  stained  with 
neutral  red  are  put  into  an  acid  solution  the  stain  is  readily  given 
oflf ;  and  we  have  also  seen  that  when  the  eggs  are  poisoned  with 
potassium  they  give  oflf  the  potassium  readily  in  a  faintly  acid 
solution.  This  acid  eflfect  can  be  explained  by  assuming  that 
the  colloid  of  the  membrane  which  binds  the  potassium  or  the 
neutral  red  cation  is  an  amphoteric  electrolyte,  which  forms  a 
salt  with  the  acid;  this  salt  is  comparatively  strongly  dissociated, 
the  colloid  becoming  the  cation.  This  colloidal  cation  is  no  longer 
able  to  bind  the  potassium  or  neutral  red  cation. 

Another  point  requires  discussion.  It  is  much  easier  to  demon- 
strate the  accelerating  influence  of  electrolytes  upon  the  recover}^ 
of  the  heart  (or  the  diffusion  of  KCl  out  of  the  egg)  than  the 
retarding  influence  of  electrolytes  upon  the  diffusion  of  KCl  into 
the  heart.  The  reason  is  probably  this,  that  in  the  latter  case  the 
KCl  must  be  present  in  rather  high  concentration  in  the  outside 
solution  while  in  the  former  case  the  concentration  of  KCl  in 
the  outside  solution  is  almost  zero,  since  it  will  contain  only 
the  traces  of  KCl  which  diffuse  out  of  the  egg. 

It  is  also  obvious  that  these  experiments,  in  case  they  can 
be  generalized,  must  lead  us  to  a  new  conception  of  the  mechanism 
of  the  diffusion  of  cations  through  membranes,  inasmuch  as  the 
chemical  or  kindred  forces  which  colloidal  anions  of  the  mem-^ 
brane  exercise  upon  the  diffusing  cation  seem  to  play  a  decisive 
r61e  in  the  mechanism  of  diffusion.  This  has  already  been 
mentioned  by  one  of  us  in  a  previous  paper. 
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Donnan  has  developed  the  equations  for  the  equilibrium  of 
distribution  of  cations  between  diffusible  and  non-diifusible 
(colloidal)  anions  separated  by  an  animal  membrane.  It  is 
quite  possible  that  his  equations  cover  our  results  as  far  as  cat- 
ions are  concerned.  Besides  the  Donnan  effect  we  have,  how- 
ever, a  marked  anion  effect  which  is  not  covered  by  his  theory. 

XI.  SUMMARY  OF  RESULTS. 

1.  It  is  shown  in  this  paper  that  eggs  of  Fundulus  poisoned  with 
KCl  are  not  able  to  recover  when  put  into  distilled  water  or  a  sac- 
charose solution,  while  they  will  recover  when  put  into  a  solution 
of  a  salt  or  when  a  trace  of  acid  is  added  to  the  distilled  water. 
Hearts  which  have  not  been  able  to  recuperate  when  kept  for  days 
in  solutions  of  non-electrolytes  will  recover  quickly  when  put 
into  salt  solutions.  The  indicator  for  the  potassium  poisoning 
is  the  standstill  of  the  heart  of  the  embryo  and  for  the  recovery 
the  resumption  of  the  heart  beats. 

2.  It  is  shown  that  the  relative  efficiency  of  the  salts  for  inducing 
the  recovery  of  the  heart  beat  increases,  first  (within  certain  lim- 
its), with  the  concentration  of  the  salt  in  the  solution,  and  second, 
with  the  valency  of  the  anion  of  the  salt,  the  valency  effect  appar- 
ently following  Hardy's  rule. 

3.  One  of  us  has  already  pointed  out  in  a  previous  publication 
that  this  action  of  the  egg  towards  potassium  is  somewhat  analo- 
gous to  its  behavior  towards  neutral  red.  When  Fundulus  eggs, 
stained  with  neutral  red,  are  put  into  distilled  water  they  can 
not  give  off  their  stain;  they  give  it  off,  however,  when  a  trace 
of  acid  or  some  salt  is  added. 

4.  The  behavior  of  both  the  basic  dye  and  the  potassium  can 
be  imderstood  on  the  assumption  that  their  diffusion  presupposes 
their  combination  with  a  colloidal  anion  of  the  membrane.  This 
combination  is  counteracted  by  the  presence  of  an  excess  of 
anions,  especially  di-  and  trivalent  ones,  in  the  outside  solution, 
and  it  is  also  counteracted  by  the  presence  of  a  trace  of  acid  in 
the  outside  solution. 

5.  This  action  of  the  acid  may  be  explained  on  the  assumption 
that  the  colloid  of  the  membrane  which  binds  the  potassium  and 
the  neutral  red  is  an  amphoteric  electrolyte  which  through  the 
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addition  of  the  acid  is  transformed  into  a  salt,  in  the  dissoci 
tion  of  which  the  colloid  forms  a  cation  which  is  no  longer  able 
bind  other  cations. 

6.  It  is  shown  that  if  eggs  are  previously  treated  with  distille-* 
water  for  some  time  the  KCl  requires  a  much  longer  time  to  brini^ 
about  the  poisoning  than  if  the  eggs  are  put  into  the  KCl  soIilh 
tion  directly  from  sea  water.    This  can.be  explained  on  th^ 
assumption  that  by  the  immersion  of  the  egg  in  distilled  waters- 
traces  of  it  will  get  into  the  network  of  fibrils  constituting  th» 
membrane  and  this  layer  of  H2O  will  act  as  a  barrier  blocking  tL^ 
further  diffusion  of  the  potassium  through  the  membrane  s^m 
effectively  as  did  the  distilled  water  surrounding  the  membrai^^ 
in  the  experiment  mentioned  in  1. 


THE  MEASUREMENT  OF  TOXICITY. 


By  W.  J.  V.  OSTERHOUT. 

(From  the  Laboratory  of  Plant  Physiology,  Harvard  University  ^ 
Cambridge,) 

(Received  for  publication,  September  3, 1915.) 

The  writer  has  had  occasion  to  determine  the  toxicity  of  a 
\^aTiety  of  substances  by  measuring  their  effects  on  the  electrical 
coxiductivity  of  living  tissues.  The  advantage  of  this  method 
is  that  it  enables  us  to  follow  the  reaction  from  moment  to  moment 
and  admits  of  a  fairly  high  degree  of  precision. 

One  striking  result  of  these  investigations  is  to  emphasize  the 
^f^ct  that  the  relative  toxicity  of  two  substances  may  depend 
^"^ry  largely  upon  the  stage  of  the  reaction  at  which  the  measure- 
i^xent  is  made.   This  is  evident  from  an  inspection  of  the  curves 
i^  Figure  1.    These  represent  the  electrical  resistance^  of  tissues 
the  marine  alga  Laminaria  in  sea  water  and  in  two  toxic  solu- 
tions.  The  resistance  of  the  tissue  in  the  normal  environment  of 
water  is  taken  as  100  per  cent.    If  the  tissue  be  placed  in  a 
Solution  of  NaCl  of  the  same  conductivity  as  sea  water  the  resist- 
^^^ce  falls,  somewhat  as  shown  in  Curve  A,  until  it  reaches  the 
^^ath  point  at  10  per  cent,  after  which  there  is  no  change  in 
^^sistance.    If,  on  the  other  hand,  the  tissue  be  placed  in  a  solu- 
tion of  some  substance,  which  (like  CaCU,  LaCls,  etc.)  causes  a 
followed  by  a  fall  in  resistance,  we  may  get  a  curve  somewhat 
like  that  shown  at  B. 

The  most  common  method  of  determining  the  toxicity  of  a 
^lution  is  to  determine  the  time  necessary  to  cause  death.  But 
it  is  evident  from  an  inspection  of  the  curves  that  it  is  impossible 
to  determine  the  precise  moment  of  death,  since  they  approach 

'  The  method  of  measurement  is  described  in  Science,  1912,  xxxv,  112. 
f'or  applications  of  the  method  see  Osterhout,  W.  J.  V.,  Science,  1912, 
^^i,  350;  1913,  xxxvii,  111;  1914,  xxxix,  544;  1914,  xl,  488;  1915,  xli,  255; 
•^«>^r,  Biol.  Chem.,  1914,  xix,  335,  493,  517;  Bot.  Gaz.,  1915,  lix,  317,  464; 
Jahrh,f,  tna*.  Bot.,  1914,  liv,  645. 
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the  axis  asymptotically.  This  is  doubtless  true  of  death  in  s 
cases.  It  is  therefore  obvious  that  the  death  point  does  » 
offer  a  perfectly  satisfactory  criterion  of  toxicity. 

We  may  avoid  this  difficulty  by  taking  as  a  criterion  the  tixz 
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needed  to  reach  any  convenient  point  on  the  curve,  as,  for  examp>  le. 
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Fig.  1.   Curves  showing  changes  in  the  electrical  resistance  of  tissU^^* 
in  two  toxic  solutions  A  and  B  (the  latter  causes  a  rise  followed  by  a  fall 
resistance).   Toxicity  may  be  measured  by  determining  the  time  requir^^ 
to  carry  the  reaction  to  55  per  cent,  which  is  half  way  between  the  norm^^^ 
condition  and  the  death  point. 

55  per  cent  (half  way  between  the  normal  condition  and  tt*-  ^ 
death  point).    This  may  be  determined  with  a  good  deal  of  pr^^' 
cision  by  the  measurement  of  electrical  resistance  or  by  an 
method  which  permits  us  to  follow  the  reaction  accurately  frcp^^ 
moment  to  moment.   But  where  this  cannot  be  done  we 
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employ  other  criteria.  We  may  assume  that  as  the  reaction  goes 
>n  certain  phenomena  appear  at  definite  points  on  the  curve, 
uch,  for  example,  as  changes  in  metabolism,  cessation  of  mo- 
tOB,  or  loss  of  irritabiUty.  The  employment  of  siich  criteria 
lay  give  trustworthy  results  in  many  cases  if  proper  precautions 
3  taken. 

In  the  employment  of  any  of  these  criteria,  except  that  of 
^ath,  we  may  meet  the  difficulty  that  the  relative  toxicity  of 
substances  may  vary  greatly  according  to  the  point  in  the 
iTve  at  which  the  comparison  is  made.  Let  us  suppose  that 
re  toxic  substances  are  so  chosen  that  they  produce  death  at 
>out  the  same  time,  giving  curves  as  shown  in  Figure  1.  They 
ust  be  regarded  as  equally  toxic  if  we  adopt  death  as  the  criterion 
It  as  unequally  toxic  if  we  take  any  other  criterion.  For  exam- 
o  at  90  per  cent  A  is  seven  times  as  toxic  as  B. 

It  is  clear  that  we  cannot  escape  from  this  difficulty  by  com- 
tiing  the  effects  produced  in  equal  times. 

In  view  of  these-  facts  it  is  obviously  undesirable  to  compare 
suits  obtained  by  the  use  of  unlike  criteria,  as  is  often  done. 

The  writer  has  found  that  the  action  of  a  number  of  toxic  sub- 
■a-nces,  as  measured  by  the  electrical  method,  follows  the  course 
'  a  monomolecular  reaction.^  In  such  cases  the  constants  which 
cpress  the  reaction  velocities  of  the  two  reactions  afford  the  best 
easure  of  their  relative  toxicity. 

In  cases  where  such  constants  cannot  be  used  but  where  the 
>inplete  curve  can  be  obtained  the  writer  suggests  the  adoption, 
5  an  arbitrary  standard,  of  the  time  necessary  for  the  reaction 
►  proceed  half  way  to  the  death  point.  But  when  the  curves  are 
lated  to  each  other  as  are  A  and  B  in  Figure  1  it  may  be  desirable 

use  some  other  criterion.  It  is  in  any  case  desirable  to  give 
e  whole  curve  whenever  possible  so  that  the  reader  may  apply 
s  own  criterion. 

The  ease  with  which  complete  curves  can  be  obtained  by  de- 
nnining  electrical  resistance  may-  render  this  method  useful, 
l>ecially  since  the  writer  has  found  it  possible  to  apply  it  to  all 
^TijR  of  plant  tissues  as  well  as  to  some  animal  tissues. 
The  electrical  method  is  not  restricted  to  solutions  of  the 

*  Osterhout,  Science,  1914,  xxxix,  544. 
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same  conductivity.  For  example  we  find  that  NaCi  0.52  m  and 
CaCU  0.278  m  have  the  same  conductivity  as  sea  water.  If  we 
wish  to  compare  the  toxicity  of  NaCl  0.278  m  with  that  of 
CaCU  0.278  m  we  may  dilute  the  sea  water  until  it  has  the  con- 
ductivity of  NdCl  0.278  M.  Tissue  placed  in  this  may  be  used 
as  a  control.  At  the  outset  we  make  the  resistance  of  the  control 
equal  to  that  of  the  tissue  in  NaCl  0.278  m  or  we  divide  the 
resistance  of  the  control  by  a  figure  which  reduces  it  to  the  same 
value  (and  divide  all  subsequent  readings  of  the  control  by  the 
same  figure).  We  then  express  all  readings  of  the  tissue  in 
NaCl  0.278  m  as  per  cent  of  the  reading  of  the  control  which  is 
taken  at  the  same  time.  All  readings  of  the  tissue  in  CaCU 
0.278  M  are  likewise  expressed  as  percentage  of  the  readings  of 
a  control  in  sea  water  having  the  same  conductivity  as  CaClj 
0.278  M.  Stronger  solutions  may  be  treated  in  the  same  way, 
using  sea  water  which  has  been  concentrated  by  evaporation. 

Attention  may  be  called  to  a  further  difficulty  in  determining 
toxicity.  If  tissue  of  Laminaria  be  transferred  from  sea  water 
to  pure  solutions  of  toxic  salts  their  relative  toxicity  sometimes 
appears  to  be  different  from  that  which  is  observed  when  the 
same  substances  are  added  directly  to  the  sea  water.  Similar 
considerations  may  be  found  to  apply  to  animals  and  plants  which 
live  on  land  or  in  fresh  water,  in  which  cases  Ringer's  solution  or 
the  water  of  soils  and  rivers  may  play  the  same  r61e  as  the  sea 
water  in  experiments  with  marine  forms. 

It  may  be  added  that  in  some  cases  variations  in  the  supply 
of  oxygen  may  cause  changes  in  relative  toxicity;  and  in  view 
of  the  fact  that  the  temperature  coefficient  is  not  the  same  in  all 
cases  of  toxic  action  it  seems  desirable  to  carry  out  determinations 
as  far  as  possible  at  a  standard  temperature,  preferably  at  18°C. 


SYH"THESIS  OF  NORMAL  TRIDECYLIC  AND  TETRA- 
COSANIC  ACIDS. 

By  p.  a.  LEVENE,  C.  J.  WEST,  C.  H.  ALLEN,  and 
J.  VAN  DER  SCHEER. 

(Fro^^  the  Laboratories  of  the  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  September  27,  1915.) 

In  £i  previous  communication^  Levene  and  West  reported  the 
resul'ts  of  a  renewed  investigation  into  the  melting  points  of 
several  of  the  higher  normal  fatty  acids.     The  change  in  the 
melting  points  of  the  acids  with  the  increase  of  the  number  of 
carbon  atoms  in  the  chain  was  found  consistent  with  the  generally 
accepted  rule.    Only  tridecylic  acid  showed  a  much  higher  melt- 
ing point  than,  would  be  expected.    It  was  mentioned  in  that 
article  that  it  was  intended  to  make  this  discrepancy  the  subject 
of  a  separate  investigation. 

In  the  previous  work  tridecylic  acid  was  prepared  by  oxidation 
of  ft-hydroxy-myristic  acid.    It  is  evident  that  the  acid  prepared 
this  method  may  contain  traces  of  myristic  acid,  if  there  was 
^^ereised  a  lack  of  care  in  the  purification  of  the  a-bromo-  or  a-hy- 
<iroxy-myristic  acids.    It  was,  therefore,  concluded  to  synthesize 
acid  by  the  malonic  ester  method. 
The  acid  obtained  in  this  matter  had  a  melting  point  of  44.5- 
*^5.6°  (corrected).    In  order  to  secure  greater  certainty  regarding 
^^^is  finding  on  the  tridecylic  acid  obtained  through  the  malonic 
^ter  synthesis  the  substance  was  prepared  independently  by 
of  the  present  authors.    The  physical  properties  of  the  two 
^^bstances  were  identical. 

It  was  then  concluded  to  repeat  the  preparation  of  the  tride- 
cylic acid  by  the  oxidation  of  a-hydroxy-myristic  acid.  In  this 
instiince  care  was  taken  to  remove  completely  traces  of  myristic 
acid.  The  acid  prepared  from  the  pure  hydroxy-myristic  acid 


'  Levene,  P.  A.,  and  West,  C.  J.,  Jour.  Biol,  Chem,^  1914,  xviii,  463. 
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had  the  same  melting  point  as  that  obtained  through  malonic 
ester. 

The  tetracosanic  acid  was  prepared  because  of  the  bearing  the 
acid  had  on  the  structure  of  hgnoceric  acid.  Meyer,  Brod,  and 
Soyka*  were  the  first  to  express  the  view  that  lignoceric  acid  dif- 
fered in  structure  from  the  normal  tetracosanic  acid.  They  pre- 
pared the  latter  synthetically  and  determined  its  melting  point. 
According  to  them  the  melting  point  exceeded  that  of  behenic 
acid  only  by  1.5-2°.  Since  the  authors  failed  to  isolate  the 
intermediate  product,  there  always  remained  some  doubt  as  to 
the  absolute  purity  of  their  product. 

In  the  present  investigation  the  twice  recrystallized  docosylma- 
Ionic  acid  served  for  the  preparation  of  tetracosanic  acid.  Re- 
crystallized  from  toluene  the  substance  had  the  melting  point  of 
87.5-88°.  The  acid  prepared  by  Meyer,  Brod,  and  Soyka 
melted  at  85.5-86°. 

In  this  work  the  melting  points  were  determined  in  a  sul- 
phuric acid  bath  provided  with  a  stirrer;  the  rate  of  heating  was 
uniform — 7  to  8  seconds  for  each  degree. 


Undecylic  Alcohol,^  C11H23OH. — Undecylic  alcohol  was  prepared 
by  reducing  50  grams  of  ethyl  undecylate  with  35  grams  of  abso- 
lute ethyl  alcohol  and  32  grams  of  metallic  sodium.  The  yield 
was  23  grams  of  alcohol,  which  boiled  at  147°  at  25  mm.  pressure. 

Undecylic  Iodide,  CuH28l. — 60  grams  of  undecylic  alcohol,  45 
grams  of  iodine,  and  8  grams  of  red  phosphorus  were  heated  one 
and  one-half  hours  at  180°.  The  reaction  product  was  taken  up 
in  ether,  the  solution  shaken  with  aqueous  sodium  thiosulphate, 
and  dried.  85  grams  of  iodide  were  obtained,  boiling  at  125° 
at  3  mm.  pressure,  and  at  117°  at  1.3  mm.  pressure. 

0.1663  gm.  of  iodide  gave  0.1378  gm.  Agl  (Carius). 


EXPERIMENTAL  PART. 


Tridecylic  Acid, 


I 


CalcuUt-ed  for 
CiiHttl: 

.  44.99 


Found: 
44.79 


*  Meyer,  H.,  Brod,  L.,  and  Soyka,  W.,  Monatsh.  f.  Chem.,  1913,  xxxiv, 
1133. 

•  Jeffreys,  E.,  Am,  Chem.  Jour.,  1899,  xxii,  37. 
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Elhyl  Undecylmalonate,  CiiH2aCH(COOC2H6)2  — The  conden- 
sation  was  carried  out  as  follows:  2.05  grams  of  sodium  were 
dissolved  in  50  cc.  of  absolute  ethyl  alcohol,  14.2  grams  of  ethyl 
malonate  and  25  grams  of  undecylic  iodide  were  added,  and 
the  mixture  was  heated  three  hours  on  the  water  bath  under  a 
reflux.  The  reaction  product  was  treated  with  water,  the  ester 
extracted  with  ether,  the  ether-  solution  washed  with  water 
and  dried.  Ethyl  undecyhnalonate  boils  at  208-209°  (cor- 
rected) at  21  mm.  pressure. 

O.3506  mg.  of  ester  required  21.0  cc.  t7  NaOH  for  saponification.  Cal- 
culated, 22.4  cc. 

Undecylmcdonic  Acid,  CiiH28CH(C02H)2. — For  the  preparation 
of  the  dibasic  acid  it  is  unnecessary  to  distill  the  ester.    The  crude 
product,  obtained  upon  concentrating  the  ether  solution,  was 
saponified  by  warming  with  an  excess  of  50  per  cent  sodium  hy- 
droxide.   The  soap  was  washed  twice  with  dry  acetone  and  then 
decomposed  with  concentrated  hydrochloric  acid.    The  free 
^cid  was  extracted,  taken  up  in  acetone,  the  solution  filtered,  the 
acetone  removed  on  the  steam  bath,  the  product  washed  with 
petroleum  ether  and  crystallized  from  benzene  and  then  from  a 
'i^ure  of  acetone  and  petroleum  ether.    It  melts  at  108.5° 
(corrected)  without  decomposition. 


0.300  gm.  of  substance,  dissolved  in  a  mixture  of  ethyl  alcohol  and  ben- 
*eiie,  required  22.78  cc.  tt  NaOH  fbr  neutralization. 

Calculated  for 

CuH»04:  Found: 

Mol.Wt   258.2  263.4 


Tridecylic  Acid,  C12H26COOH. — The  dibasic  acid  was  heated 
*t  180°  for  one  hour  or  until  the  evolution  of  carbon  dioxide  had 
Poetically  ceased.  The  resulting  tridecylic  acid  was  then  dis- 
tilled over  in  vacuum.  Two  fractions  were  collected,  the  first 
'filing  between  148°  and  153°  at  1.2  mm.  pressure,  the  second, 
^tween  153°  and  158°  at  the  same  pressure.  A  second  experi- 
^oixt  gave  a  product  boiling  at  199-200°  at  24  mm.  pressure  (cor- 
^^ct;«d).  Each  fraction  was  twice  crystalUzed  out  of  dry  acetone, 
tridecylic  acid  thus  obtained  melted  at  44.5-45.5°  (corrected). 
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0.500  gm.  of  substance,  as  above,  neutralized  23.4  cc.  -nr  NaOH. 

Calculated  for 

CiiHstOt:  Found: 

Mol.Wt   214.2  213.7 

In  order  to  determine  whether  the  method  or  the  material  wa 
at  fault  in  our  earlier  work,  we  repeated  the  preparation  of  trii' 
decylic  acid  by  the  oxidation  of  a-hydroxy-myristic  acid  witbt^ 
potassium  permanganate.  The  acid  thus  obtained  was  identica-^ 
with  the  sjTithetic  product  from  undecylic  acid. 

1.00  gm.  of  acid,  as  above,  neutralized  47  cc.  -ry  NaOH. 

Calculated:  Found: 

Mol.Wt   214.2  212.8 

This  indicates  that  the  method  is  satisfactory,  and  shows  that-^ 
with  pure  hydroxy  acids  pure  monobasic  acids  may  be  obtained, 

Tetracosanic  Acid,  C23H47COOH. 

Ethyl  Docosylmalonate,  C22H46CH(COOC2H5)2.— 0.53  gram  of 
sodium  was  dissolved  in  50  cc.  of  absolute  ethyl  alcohol  and  to  the 
cooled  solution  3.68  grams  of  ethyl  malonate  and  10  grams  of 
docosyl  iodide,  C22H46I,  were  added.  The  mixture  was  heated 
on  the  water  bath  for  twenty-four  hours.  The  reaction  product 
was  diluted  with  water.  The  ester  which  separated  out  was 
washed  with  water  and  recrystallized  twice  from  acetone.  The 
yield  was  about  10  grams.  The  analyzed  product  was  obtained 
by  esterifying  a  sample  of  docosylmalonic  acid  which  had  been 
twice  crystallized  out  of  acetone.    It  melts  at  48°  (corrected). 

0.1026  gm.  of  substance  gave  0.2798  gm.  CO,  and  0.1138  gm.  HtO. 

Calculated  for 

C»Hm04:  Found: 

C   74.29  74.38 

H   12.08  12.45 

Docosylmalonic  Acid,  C22H46CH(C02H)2. — The  above  ester  was 
dissolved  in  boiling  alcohol  and  about  five  equivalents  of  50  per 
cent  sodium  hydroxide  were  added,  and  the  mixture  was  boiled. 
The  soap  which  separated  out  upon  cooling  the  alcohol  was 
filtered  off,  washed  with  water,  and  then  extracted  thoroughly 
with  boiUng  acetone.    The  free  acid  was  liberated  by  treating 
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the  soap  with  concentrated  hydrochloric  acid.  This  was  puri- 
fied by  recrystallizing  it  from  acetone.  Various  methods  were 
tried  to  obtain  a  product  which  would  give  a  correct  molecular 
weight.  As  this  was  not  readily  accomplished,  due  to  the  diffi- 
culty of  removing  the  last  traces  of  alkah,  the  dibasic  acid  was 
changed  into  the  monobasic  after  two  recrystallizations  from 
acetone. 

Ethyl  Tetracosanatey  C23H47CO2C2H5. — Docosylmalonic  acid  was 
heated  one  hour  at  160-180°  and  the  crude  reaction  product  es- 
^erified  by  boiling  with  5  per  cent  sulphuric  acid.    After  repeat- 
the  esterification  three  times  the  ester  was  recrystallized  twice 
^ut  of  acetone,  distilled  in  vacuum,  again  recrystallized,  distilled, 
recrystallized.    The  product  then  boiled  at  118°  at  0.6  mm. 
Pressure  and  melted  at  56-57°  (corrected). 

0.100  gm.  of  substance  gave  0.2893  gra.  CO2  and  0.1173  gm.  HjO. 


Tetracosanic  Acidy  C24H4i,02,  C2£H47COOH. — The  ethyl  ester 
^'a.s  dissolved  in  boiling  alcohol,  and  five  times  the  equivalent 
sodium  hydroxide  added  for  saponification.  The  soap  was 
^'ashed  with  water  and  thoroughly  extracted  with  boiling  acetone. 
T'he  acid,  which  was  liberated  by  boiling  with  concentrated  hydro- 
cliloric  acid,  was  purified  through  the  lead  salt.  From  toluene, 
tetracosanic  acid  crystallizes  in  scales,  melting  at  87.5-88°. 
Meyer  gives  85.5-86°. 

O.400  gm.  of  acid  neutralized  10.9  cc.  ^  NaOH. 


CalcuKted  for 


C. 
H 


CieHisOs: 
78.79 

13.13 


Found: 


78.90 
13.15 


Mol.  Wt 


Calculated  for 
Ct4H4iOt: 

.  368.5 


Found: 
367 


r:SE  METABOLIC  RELATIONSHIP  OF  THE  PROTEINS 

TO  GLUCOSE. 

in.   GLUCOSE  FORMATION  FROM  HUMAN  PROTEINS. 

By  N.  W.  JANNEY  and  N.  R.  BLATHERWICK. 

the  Chemical  Laboratory  of  the  Montefiore  Home  and  Hospital  for 
Chronic  Invalids,  New  York.) 

(Received  for  publication,  September  9,  1915.) 

Xt  is  known  that  the  proteins  of  the  human  body  contribute  to 
{oxTn  glucose  in  severe  cases  of  diabetes  melUtus,  but  considerable 
dovjbt  exists  regardmg  the  exact  extent  of  this  sugar  formation. 
T^lxTis  it  has  been  variously  estimated  that  from  45  to  even  80  per 
cexxt  of  body  protein  is  convertible  into  glucose.^   These  calcula- 
tions have  usually  been  based  on  the  relative  amounts  of  glucose 
i^tid  nitrogen  excreted  in  the  urine  of  diabetic  human  subjects  or 
animals. 

In  such  diabetes  mellitus  experiments  the  results  are  nearly 
^l^rays  of  doubtful  value,  for  aside  from  dietary  considerations, 
there  is  a  lack  of  conclusive  data  showing  that  the  power  of  the 
J^uman  diabetic  organism  to  utilize  glucose  is  completely  ex- 
tinguished. This  criticism  does  not  apply,  however,  to  fully 
developed  phlorhizin  diabetes  in  the  human  subject,  which  has 
t>^n  observed  by  Benedict  and  Lewis  to  show  a  urinary  G :  N 
i*atio  of  3.6 : 1  on  a  carbohydrate-free  diet.  Only  a  single  case 
^as  studied.  About  the  same  value  has  been  reported  for  severe 
diabetes  mellitus.*  But  the  ratio  in  which  glucose  appears  in 
relation  to  nitrogen  in  the  urine  is  unfortimately  not  in  all  cases 
a  certain  basis  for  calculation  of  the  maximal  amount  of  sugar 
capable  of  being  formed  by  the  protein  of  the  organism. 

*  ^oorden,  C.  H.  v.,  Die  Zuckerkrankheit  und  ihre  Behandlung,  Berlin, 
edition,  1912,  11.  Falta,  W.,  Die  Erkrankungen  der  Blutdrusen, 
BerJixi^  1913,  438. 

^ or  literature  and  statements  in  the  text  requiring  further  explanation 
?f®  ^he  immediately  preceding  article  of  this  series,  Janney,  N.  W.,  and 
®^^ka,  F.  A.,  Jour.  Biol.  Chem.,  1915,  xxii,  203. 
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When,  however,  protein  either  isolated  or  in  the  form  of  fre 
muscle  is  fed  to  fasting  phlorhizinized  dogs  under  observance 
proper  precautions,  glucose  originating  in  the  metabolism  of  t 
protein  may  be  determined  with  considerable  exactness.  Maki 
use  of  the  same  experimental  conditions  and  methods  alrea< 
described  in  previous  communications,  human  muscle  was  accor 
ingly  fed  to  phlorhizinized  dogs  and  the  sugar  formed  from  t 
proteins  contained  in  this  material  calculated  in  the  manr 
hitherto  employed. 

As  an  average  result  of  five  experiments  it  was  found  that  5^ 
per  cent  of  the  muscle  protein  had  been  converted  into  gluco; 
The  average  protein  G  :  N  ratio  obtained  by  dividing  this  val 
by  the  amount  of  nitrogen  contained  in  100  grams  of  protein 
3.53 : 1.  If  from  the  protein  nitrogen  0.34  gram  be  deducted! 
nucleic  acid  which  in  all  probability  yields  no  glucose,  the  ra 
S£0  :1  may  he  accepted  as  representing  the  relation  between  the  nit 
gen  contained  in  human  muscle  protein  and  the  glucose  originatt 
from  the  same  in  metabolism.  The  muscle  proteins  constitute  t 
chief  bulk  of  body  protein.  The  average  amount  of  metabc 
glucose  yielded  by  other  body  proteins  (serum  albumin,  gelat 
fibrin)  is  57.7  per  cent.  It  may  on  these  grounds  be  properly  a 
eluded  that  the  proteins  of  the  human  organism  collectively  may  yi 
a  maximum  of  about  58  per  cent  of  glucose  in  diabetic  metabolis 

With  regard  to  this  mode  of  experimentation  the  question  m 
arise  whether  the  glucose  formation  from  muscle  fed  in  such  d 
experiments  can  be  accepted  as  the  same  which  would  occ 
from  the  proteins  of  the  fasting,  completely  diabetic  human  < 
ganism.  It  is  believed,  however,  that  results  previously  obtain 
justify  the  acceptance  of  this  view.  It  was  shown  that  the  g 
cose  formation  from  ingested  body  protein  (dog  muscle  and  ii 
lated  dog  muscle  protein)  closely  corresponds  to  the  amount 
sugar  formed  from  the  proteins  of  the  living,  fasting,  complet< 
diabetic  canine,  which  has  been  most  carefully  studied. 

The  following  may  also  be  added.  Body  proteins  of  t 
different  vertebrates  examined  all  show  the  same  general  compo 
tion  and  yield  about  the  same  relative  amount  of  metabolic  g 
cose.  Approximately  the  same  values  can  also  be  calculat 
•from  the  glucogenetic  amino-acids  contained  in  such  proteii 
It  may  therefore  be  concluded  that  human  proteins  would  be  fou 
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likewise  to  yield  about  the  sanie  amount  of  glucose  in  metabolism. 
This  is  indeed  the  case.  In  the  following  table  these  values  for 
man,  dog,  and  rabbit  from  direct  feeding  experiments  as  described, 
are  compared  to  similar  values  calculated  for  the  ox  and  chicken 
by  using  data  afforded  by  amino-acid  determinations  (see  preced- 
ing articles). 


Glucose  Yielded  in  Metabolism  of  Proteins  of  Higher  Animals. 


Species. 

Man. 

Dog. 

Rabbit. 

Ox. 

Chicken. 

^•"oteinG:  N ratio.. 

3.6:  1 

3.6:  1 

3.8:  1 

3.6:  1 

3.4:  1 

^  ivicose  per  100  gm. 

58 

57.5 

60 

57.5 

54.5 

The  absence  of  a  sufficient  number  of  urinary  examinations 
^^de  in  fasting  cases  of  severe  human  diabetes  renders  it  impos- 
^^tle  to  establish  with  certamty  an  average  urinary  G:  N  ratio  for 
^^Jly  developed  diabetes  mellitus  as  in  the  case  of  starving 
^tilorhizinized  dogs.  This  ratio  can,  however,  be  calculated 
^^om  the  protein  G:  N  ratio  3.60 : 1  for  man.  In  such  a  calcula- 
tion it  must  be  remembered  that  creatine,  creatinine,  and  purine 
Nitrogen,  estimated  as  5.5  per  cent  for  the  human  species,  must 

left  out  of  account,  as  these  substances  are  non-glucogenetic. 

the  fasting  human  diabetic  of  the  severest  type,  when  glycogen 
^  possible  sources  of  glucose  other  than  protein  are  exhav^tedy  the 
^^rHnary  G :  N  ratio  of  34 i  i^cty  therefore  be  accepted  as  an  average 
^^^ttiue.  The  same  value  has  been  established  for  the  fasting 
P^lnlorhizin  diabetic  dog. 

The  urinary  G  :N  quotient  of  man  seems  to  be  capable  of  clini- 
^slI  application,  as  Lusk'  has  previously  suggested.  When  a 
lo^er  G:  N  ratio  prevails  during  a  protracted  fast,  now  the  most 
modem  treatment  for  diabetes,^  it  may  be  reasonably  inferred 
tin  at  the  organism  has  not  yet  entirely  lost  its  power  to  utilize 
glucose.  The  prognosis  is  therefore  more  favorable.  Con- 
versely when  the  G  :  N  ratio  ranges  about  3.4  : 1  a  grave  prognosis 


*  Alandel,  A.  R.,  and  Lusk,  G.,  Jour.  Am.  Med.  Assn.,  1904,  xliii,  241. 

*  Allen,  F.  M.,  Boston  Med.  and  Surg.  Jour.,  1915,  clxxii,  241. 
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may  be  made,  as  all  the  glucose  capable  of  being  formed  from  pro- 
tein is  being  lost  to  the  body. 

From  the  above  it  is  evident  that  not  more  than  about  60  per- 
cent of  body  protein,  corresponding  to  a  urinary  G:N  ratio  of* 
about  3.4 : 1,  can  be  converted  into  glucose.  The  statements  in 
the  literature  of  much  higher  ratios,  such  as  5:1,  and  a  corre- 
spondingly greater  sugar  formation  from  the  proteins  of  the 
organism,  can  therefore  be  no  longer  accepted. 


Analysis  of  Human  Muscle  Used  in  Feeding  Experiments,    Grams  per 

100  Grams. 


Total 
solids. 

Nitrogen. 

Reducing 
substances. 

Glycogen. 

Total 
protein. 

Nitrogen 
per  100  gm. 
protein. 

Human  Muscle  I 
(first  two  ex- 

19.35 

2.35 

0.12 

0.13 

12.22 

16.36 

Human  Muscle  II 
(last  three  ex- 
periments)  

12.57 

1.92 

0.20 

0.19 

9.11 

16.4S 

Human  Muscle  Feeding  Experiments, 


Ehctra  glucose. 

Muscle 
fed. 

Protein 
fod. 

Nitrogen 
fed. 

Weight 
of  dog. 

1 
l 

Nitrogen. 

3 

G  :  N. 

1 
4 

In  terms 
of  pro- 
tein fod. 

gm. 
165.1 

gm. 
20.18 

gm. 
3.88 

kg. 
12.7 

Aft. 

24 
24 
12 

gm, 

10.04 
12.50 
5.70 

gm. 

40.61 
42.73 
10.80 

3.71 
3.42 
3.48 

gm. 
12.10 

per  ctnt 
50.96 

166.2 

20.31 

3.00 

12.8 

24 
24 

12 
12 

11.24 
.  12.80 
5.40 
4.00 

36.50 
40.27 
16.33 
15.04 

3.26 
3.15 
3.02 
3.20 

11.48 

56.52 

242.2 
235.8 
216.7 

22.07 
21.48 
10.74 

4.65 
4.52 
4.16 

15.2 
14.8 
13.6 

12 
24 
24 
24 
24 
24 
24 

6.35 
14.51 
12.67 
13.87 
11.02 
11.71 

0.76 

10.00 
45.46 
40.82 
43.24 
40.54 
30.22 
34.20 

3.13 
3.06 
3.22 
3.12 
3.40 
3.35 
3.51 

13.01 
11.35 
12.23 

58.05 
52.84 
61.96 

THE  DETERMINATION  OF  REDUCING  SUGARS. 

A    VOLUMETRIC  IfETHOD  FOR  DETERMINING  CUPROUS  OXIDE 
WITHOUT  REMOVAL  FROM  FEHLING'S  SOLUTION.^ 

By  F.  M.  scales. 

{f^rcprn  the  Laboratories  of  the  Soil  Bacizriology  Diviaioriy  Bureau  of  Plant 
Industry,  United  Stales  Department  of  Agriculture,  Washington.) 

(Received  for  publication,  September  21,  1915.) 
INTRODUCTION. 

In  the  course  of  an  investigation,  still  in  progress,  of  the  physio- 
logical activity  of  a  group  of  soil  organisms,  it  became  necessary 
determine  the  quantity  of  dextrose  in  a  series  of  solutions. 
It  was  desirable  to  have  a  method  as  accurate  as  the  Fehling 
gravimetric  one  but  which  would  yield  results  about  as  quickly  as 
t>y  direct  titration.    The  reducing  sugar  present  in  the  150  cc. 
^f  each  of  these  solutions,  varied  from  nearly  zero  to  about  550 
^g.    A  definite  quantity  of  a  copper  salt  had  to  be  added  to 
^ch  solution.    Direct  titration  could  not  be  used  unless  this 
®^lt  was  first  removed  and  the  solutions  of  small  sugar  content 
^ere  concentrated,  a  procedure  which  would  make  this  method 
^  Very  long  one.    There  were  no  such  difficulties  if  the  gravi- 
^iietric  method  was  employed,  as  less  copper  sulphate  solution 
^^uld  be  used  in  mixing  the  Fehling's  reagents  and  the  sugar 
^lution  could  then  be  added  directly. 

The  new  volumetric  method  was  devised  for  the  determination 
the  cuprous  oxide  in  the  Fehling^s  solution.    It  consists  in 
Converting  the  oxide  into  cuprous  chloride  and  then  pipetting 
^   <^lefinite  volume  into  a  known  quantity  of  iodine  solution. 

iodine  which  is  not  reduced  is  titrated  with  sodium  thio- 
^^Iphate  solution. 

Since  this  method  was  completed  the  author^s  attention  has 
called  to  the  work  of  Rupp  and  Lehmann^  who  also  de- 

'  Published  by  the  permission  of  the  Secretary  of  Agriculture. 
^     "  Hupp,  E.,  and  Lehmann,  F.,  Ueber  die  K.  Lehmann'sche  Titration  von 
"''^^kerarten,  Arch.  d.  Pharin.,  1909,  ccxivii,  516. 
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scribe  a  procedure  for  determining  cuprous  oxide  in  Fehling'' 
solution.  Their  method  is  entirely  different  in  principle  and  L 
not  nearly  as  accurate'  as  the  proposed  one.  Among  other  fault 
it  necessitates  the  use  of  the  whole  Fehling's  solution  so  tha 
duplicate  titrations  cannot  be  made. 

The  time  required  for  a  single  determination  by  the  new  methoc 
is  not  over  twenty  minutes;  that  is,  it  takes  ten  minutes  more  thai 
the  time  required  for  the  whole  Munson  and  Walker  procedurt 
up  to  the  filtration  of  the  cuprous  oxide.  When  a  series  of  de 
terminations  is  to  be  made,  the  technique  can  be  modified  8( 
that  the  time  required  for  a  single  one  will  be  much  less. 

When  dextrose,  maltose,  lactose,  or  invert  sugar  are  oxidize( 
by  Fehling's  solution,  the  acids  formed  are  without  action  oi 
iodine,  so  that  these  sugars  and  no  doubt  the  other  reducing  one! 
may  also  be  determined  by  this  method. 

Method. 

ApparatiLs, — ^While  no  special  apparatus  is  necessary  for  thii 
method  a  slight  modification  is  made  in  the  usual  form  of  a  20( 
cc.  volumetric  flask.  This  flask,  marked  to  contain,  is  cut  of 
20  mm.  above  the  mark.  The  edge  is  polished  and  flared  a  littl 
so  that  a  rubber  stopper  may  be  inserted  and  pressed  down 
within  12  or  14  mm.  of  the  capacity  mark. 

As  it  is  not  always  convenient  to  time  a  pipette  for  the  deliver 
of  a  definite  volume  the  author  has  substituted  the  method  o 
calibrating  a  50  cc.  pipette  against  the  200  cc.  volumetric  flasJ 
and  then  placing  a  small  file  mark  near  the  tip  of  the  pipette  a 
the  point  where  the  solution  stops.  Four  times  the  volume  con 
tained  between  the  mark  on  the  stem  and  the  tip  of  the  pipett 
should  exactly  fill  the  flask. 

A  rubber  stopper,  with  one  hole,  that  will  fit  a  500  cc.  Erlen 
mcyer  flask  is  slipped  over  the  tip  of  the  50  cc.  pipette  into  : 
position  on  the  stem  so  that  when  the  stopper  is  in  the  flask  th' 
tip  of  the  pipette  will  be  about  1  cm.  below  the  surface  of  the  27i 
cc.  of  solution  which  the  flask  contains.  A  small  V-shaped  ven 
should  be  cut  in  the  side  of  the  stopper.   As  two  flasks  are  used 

*  In  the  determination  of  24.2,  27.3,  48.6,  and  117.  mg.  of  dextrose  thei 
error  was  2.,  2.9,  1.4,  and  0.8  per  cent  respectively. 


F.  M-  Scales 


83 


it  is  well  to  pick  out  two  with  mouths  of  about  the  same  diameter. 
Rubber  stoppers  without  vents  are  placed  in  each  of  these  flasks. 

A  25  cc.  volumetric  pipette  is  also  marked  on  the  tip  at  the 
{>oint  where  the  solution  stops,  so  that  exactly  the  same  volvune 
may  be  measured  each  time;  the  absolute  volume  in  this  case 
is  of  no  importance. 

Procedure. — ^The  procedure  for  making  a  determination  is 
comparatively  simple  and  lends  itself  well  to  routine  work. 

The  Fehling's  solutions*  are  mixed  in  a  400  cc.  Jena  beaker, 
in  the  proportions  recommended  by  Munson  and  Walker,*  the  sugar 
solution  is  poured  in,  and  the  volume  made  up  to  100  cc.  with 
distilled  water.  The  beaker  is  covered  with  a  watch  glass  and 
placed  on  an  asbestos  mat  over  a  Bunsen  burner  with  the  flame 
so  regulated  that  boiling  begins  in  four  minutes.  The  boiling 
is  continued  for  two  minutes. 

As  soon  as  the  Fehling's  solution  is  placed  over  the  flame,  ap- 
proximately 250  cc.  of  distilled  water  are  pomred  into  each  of  the 
^OO  cc.  Erlenmeyer  flasks.    25  cc.  of  iodine*  are  then  pipetted 
^to  each  flask.   The  iodine  must  be  very  accurately  measured 
^  that  exactly  the  same  volume  that  was  used  for  the  standardi- 
^^tion^will  be  obtained.    The  25  cc.  pipette  with  the  mark  on 
tip  acts  as  a  check  to  prevent  any  mistakes  in  this  desired 
^Ocuracy.    When  the  iodine  is  in  the  flasks  they  are  sealed  with 
^  rubber  stopper. 

A  75  mm.  fimnel  with  a  long  stem  is  placed  in  the  200  cc.  volu- 
^^etric  flask  and  then  15cc.of  concentrated  HCl  are  poured  into  it. 
Approximately  15  cc.  of  water  (between  80°  and  95°)  are  added 
the  acid  in  the  volumetric  flask  just  before  the  boiling  of  the 
^hling's  solution  is  completed.    The  tip  of  the  funnel  should 
below  the  surface  of  this  solution. 

*Tbe  modified  Fehling's  solutions  recommended  by  Soxhlet  were  used, 
^plution  A  contains  34.639  gm.  of  CUSO4  0H2O  in  500  cc.  of  water.  Solu- 
tion B  contains  173  gm.  of  Rochelle  salts  and  50  gm.  of  NaOH  in  500  cc. 

Ti^ater. 

^  *  Mimson,  L.  S.,  and  Walker,  P.  H.,  Unification  of  Methods  for  Deter- 
°^*^Ug  Reducing  Sugars,  Jour.  Am.  Chem.  Soc,  1906,  xxviii,  663.  Walker, 
^-  H.,  ibid.,  1907,  xxix,  541;  1912,  xxxiv,  202. 

*  The     iodine  solution  is  prepared  by  dissolving  6.5  gra.  of  resublimed 
9  gm.  of  KI  in  1  liter  of  distilled  water. 
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When  the  Fehling^s  solution  has  boiled  two  minutes  the  beakei 
is  removed  from  the  flame,  the  solution  agitated  to  bring  the  pre- 
cipitate into  suspension,  and  then  rapidly  poured  onto  the  funnel 
The  beaker,  watch  glass,  and  funnel  are  washed  with  hot  watei 
and  the  volumetric  flask  is  then  filled  almost  to  the  mark.  A  fe\i 
cc.  of  water  from  the  wash  bottle  are  run  into  the  beaker  and 
then  by  means  of  a  1  cc.  pipette  the  solution  in  the  flask  is  broughl 
up  to  the  mark.  The  rubber  stopper  is  immediately  inserted  anc 
the  flask  covered  with  a  towel  while  it  is  tilted  back  and  fortk 
five  or  six  times  or  suflSciently  to  give  the  contents  an  even  dis- 
tribution. As  a  slight  pressure  develops  in  the  flask  it  is  well  U 
place  the  finger  over  the  stopper  to  prevent  its  being  forced  out 
When  the  acid  solution  is  satisfactorily  mixed  the  stopper  u 
withdrawn  and  a  50  cc.  quantity  of  the  solution  immediately 
pipetted  into  each  of  the  flasks  containing  iodine  solution.  Th< 
stem  of  the  pipette  is  placed  in  the  flask  and  the  rubber  stoppei 
pressed  down  so  that  the  pipette  is  held  steady  and  its  content* 
are  delivered  about  1  cm.  below  the  surface  of  the  solution.  Thi 
Erlenmeyer  flask  is  agitated  occasionally  to  distribute  the  solu- 
tion and  prevent  the  formation  of  a  precipitate  by  an  excess  oi 
the  acid  solution  accumulating  in  one  place.  As  this  golutior 
drains  down  the  rubber  stopper  is  drawn  out  and  the  pipette 
tilted  so  that  its  contents  will  run  out  more  slowly.  The  pipette 
is  withdrawn  as  soon  as  the  solution  in  it  reaches  the  mark  on  the 
tip.  If  an  attempt  is  made  to  stop  the  flow  of  the  solution  as  it 
nears  the  mark  by  placing  the  finger  over  the  end,  in  the  usual 
way,  some  of  the  solution  will  frequently  be  drawn  up  from  the 
tip  by  the  contraction  of  the  air  in  the  pipette.  Simple  tilting 
of  the  pipette  and  the  flask  gives  suflScient  control  to  stop  the 
flow  when  it  reaches  the  mark.  As  soon  as  the  pipette  is  empt\ 
it  is  removed  and  the  flask  sealed  with  a  rubber  stopper. 

Where  only  one  pipette  is  used  to  transfer  the  cuprous  chloride  solution 
to  the  iodine  solution,  three  pipettefuls  may  be  withdrawn  without  an\ 
error  being  introduced  by  the  change  in  temperature  of  the  solution,  pro- 
vided the  pipette  is  again  filled  as  soon  as  it  is  empty.  In  cool  weathei 
when  a  change  may  occur  more  quickly  it  may  be  necessary  to  use  twc 
pipettes  so  that  the  second  50  cc.  quantity  can  be  measured  without  wait- 
ing till  the  first  pipette  is  empty  or  one  pipette  may  be  used  and  the  volu- 
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metric  flask  placed  in  a  large  beaker  containing  water  at  about  the  tem- 
perature of  the  acid  solution.  The  volumetric  flask  should  be  sealed  with 
a.  rubber  stopper  to  prevent  the  access  of  oxygen  when  the  solution  is  not 
^>eing  taken  from  it. 

The  iodine  remaining  after  the  addition  of  the  cuprous  chloride 
solution  is  titrated  with  ^  sodium  thiosulphate,^  2  cc.  of  starch 
*<=>lution  being  added  when  the  end-point  is  nearly  reached.  The 
'*^^^lution  at  the  end  of  the  reaction  is  a  very  light  green,  but  it  is 
light  and  different  from  the  iodo-starch  blue  that  it  does  not 
^^■^t;erfere  with  an  accurate  determination  of  the  end-point. 

The  diflference  between  the  number  of  cc.  of  ^  thiosulphate 
^^^lution  oxidized  by  25  cc.  of  iodine  solution,  as  determined  by 
t  Irfc.  e  standardization,  and  the  number  of  cc.  of  w  thiosulphate 
^C2?ted  upon  by  the  iodine  remaining  after  the  addition  of  the 
<^Xiprous  chloride  solution,  is  multiplied  by  14.315  to  obtain  the 
^.  of  CU2O  in  the  whole  solution.  The  constant  14.315  is  equal 
^  o  four  times  the  number  of  mg.  of  CuoO  that  would  be  oxidized 
^^^^  1  cc.  of  w  iodine  solution. 

.\mounts  of  dextrose  from  4  mg.  up  to  150  mg.  may  be  deter- 
ined  with  these  w  solutions,  but  of  course  by  either  changing 
the  strength  of  the  reagents  or  taking  a  smaller  quantity  of  the 
^Viprous  chloride  solution  this  method  can  be  made  to  cover  the 
termination  of  reducing  sugar  up  to  the  limit  of  the  Fehling 
'Method. 

Data. 

In  order  to  test  the  method  a  sample  of  pure  dextrose  was 
^  t>tained  from  the  Bureau  of  Standards®  and  a  0.5  per  cent  solution 
Prepared.  No  copper  salt  was  added  to  the  sugar  solution  for 
t  Vicse  tests  because  they  were  made  to  determine  the  average 
a^ccuracy  of  the  method.  These  experiments,  selected  at  random, 
illustrate  this  accuracy. 

^Standardized  against  ^  KtCriO?  solution. 

•  Bureau  of  Standards,  Dextrose  Sample  No.  41 ;  B.  S.  Test  No.  16741-30. 
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T6iup6n~ 
turaof 
wattr. 

phate  solu- 
tion-Moo. 
of  iodine 
solution. 

thiosulphate  solution 
used  to  titrate  excess 

iodine. 

Dextrose 
present. 

Dextrose 
found. 

Error. 

Duplioates. 

Averace. 

•c. 

cc. 

cc. 

cc. 

mg. 

mg. 

per  cmt 

87 

24.90 

24.04 
24.08 

24.06 

5.0 

4.91 

-2.0 

90 

24.98 

23.32 
23.32 

23.32 

10.0 

9.85 

-1.5 

90 

24.04 

19.78 
19.78 

19.78 

25.0 

25.08 

+0.32 

95 

24.04 

16.02 
16.03 

16.03 

50.0 

49.86 

-0.28 

90 

24.98 

9.37 
9.41 

9.39 

100.0 

99.97 

-0.03 

95 

24.80 

2.00 
2.02 

2.01 

150.0 

150.32 

+0.21 

97 

24.80 

1.99 
2.01 

2.00 

150.0 

150.39 

+0.26 

DISCUSSION. 

The  method  described  is  one  that  may  be  used  for  the  deter- 
mination of  widely  varying  quantities  of  reducing  sugar,  but  if: 
uniformly  smaller  quantities  were  to  be  determined  the  accurac3'' 
of  the  method  may  be  increased  by  taking  more  of  the  cuprous 
chloride  solution  and  using  weaker  titrating  solutions.  The 
method  as  outlined,  however,  is  as  accurate  as  the  gravimetric  one 
of  Munson  and  Walker.  All  the  figures  in  their  table  for  less 
than  20  mg.  of  dextrose  were  obtained  by  interpolation,  so  there 
is  no  standard  with  which  to  compare  the  results  obtained  in  the 
determination  of  the  smaller  quantities  of  dextrose.  In  working 
with  this  quantity  of  dextrose  Munson 's  average  result  was  1 
per  cent  lower  and  that  of  Walker  1  per  cent  higher  than  the 
amount  of  reducing  sugar  added. 

As  the  results  obtained  in  the  determination  of  larger  quantitiesi 
of  dextrose  were  as  close  to  the  theoretical  values  as  those  ob- 
tained with  the  gravimetric  method  it  is  e\ndent  that  this  volumet- 
ric method  when  properly  manipulated  will  yield  results  fuUi^ 
as  accurate  as  those  of  our  standard  gravimetric  method. 
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If  a  blank  Fehling's  solution  is  put  through  this  procedure  it 
is  found  that  from  0.1  to  0.2  cc.  of  iodine  has  been  reduced.  It 
is  believed,  however,  that  when  cuprous  chloride  is  entering  the 
iodine  solution  this  quantity  of  iodine,  which  may  be  changed  by 
the  heat  of  the  solution  entering,  is  not  without  action  on  the 
cuprous  chloride;  because  by  taking  the  25  cc.  of  iodine  solution 
in  distilled  water  as  the  quantity  which  is  acted  upon  by  the  cu- 
prous chloride  the  correct  amount  of  cuprous  oxide  is  obtained. 
If  the  iodine  is  lost,  this  way  of  calculating  the  result  is  only  equiva- 
lent to  adding  a  constant;  so  no  error  is  introduced. 

In  these  experiments  no  precipitation  of  cuprous  oxide  was  ob- 
tained by  boiling  the  blank  Fehling's  solution.  If  there  should 
a  precipitate  of  0.3  or  0.4  mg.  of  cuprous  oxide  it  could  not 
t>e  determined  with  these  reagents,  as  one-fourth  of  it  or  0.1  mg. 
^ould  be  equal  to  0.03  cc.  of  the  solution  and  this  value  would 
of  course  be  covered  by  experimental  error. 

This  method  may  be  used  for  the  quantitative  determination 
of  copper  by  reducing  the  metal  in  an  alkaline  solution  with 
^^xtrose  and  then  following  the  procedure. 

SUMMAKY. 

-A  new  volumetric  method  is  described  for  the  determination 

cuprous  oxide  in  Fehling's  solution.  The  cuprous  oxide  with- 
out filtration  from  the  solution  is  converted  into  cuprous  chloride 
^^id  then  pipetted  into  a  known  quantity  of  a  dilute  iodine  solution. 

iodine  which  is  not  reduced  is  then  titrated  with  sodium 
^iosulphate  solution. 

The  data  indicate  that  the  method  will  give  results  as  accurate 
^  those  obtained  with  the  gravimetric  method. 

Dextrose,  maltose,  lactose,  invert  sugar,  and  no  doubt  other 
^educing  sugars  may  be  estimated  by  this  procedure. 

This  method  yields  results  in  one-quarter  of  the  time  required 
to  obtain  them  by  the  gravimetric  method. 

The  method  may  also  be  used  for  the  quantitative  determina- 
tion of  copper. 
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By  D.  WRIGHT  WILSON,  THORNTON  STEARNS,  and 
MADGE  DeG.  THURLOW. 

f  rem  the  Laboratory  of  Physiological  Chemistry  and  the  Hunterian 
Laboratory  of  Experimental  Pathology f  Johns 
Hopkins  University ,  Baltimore.) 

(Received  for  publication,  August  28,  1915.) 

The  tetany  which  develops  after  the  removal  of  the  parathyroid 
^nds  has  been  the  subject  of  many  investigations  attempting  to 
'Certain  the  cause  or  to  determine  methods  of  relief.  While  the 
^cifie  cause  for  the  tetany  may  hardly  be  considered  satisfactorily 
euionstrated,  a  number  of  procedures  have  been  found  which 
^Use  temporary  relief  during  which  the  gross  symptoms  of 
fcessive  muscular  stimulation  are  either  partially  or  totally 
ssipated. 

The  relief  from  parathyroid  tetany  observed  after  the  adminis- 
itioD  of  acids  as  shown  by  some  of  us  in  a  recent  commimication* 
ggests  the  possibility  of  a  peculiar  abnormality  of  metabolism 
lereby  the  normal  equilibrium  of  acids  and  bases  in  the  body 
disturbed,  resulting  in  a  relative  increase  in  the  amount  of 
se.  This  condition  may  quite  naturally  be  termed  alkalosis 
analogy  to  the  familiar  condition  called  acidosis.  In  agree- 
int  with  the  more  exact  definitions  of  acidosis,  we  may  desig- 
te  alkalosis  as  a  pathological  condition  in  which  the  basic  radi- 
« in  the  blood  are  relatively  increased  over  the  acid  radicles, 
^regarding  carbonic  acid.  This  definition  does  not  specify 
lether  the  bases  are  absolutely  increased  or  the  acids  not  COj 
-  decreased  or  whether  both  phenomena  occur.  Nor  does  it 
ply  that  the  blood  in  the  body  is  more  alkaline  than  usual  for 
increased  tension  of  CO2  may  neutralize  any  tendency  toward 

'  Wilson,  D.  W.,  Stearns,  T.,  and  Janney,  J.  H.,  Jr.,  Jour,  Biol.  Chem., 
5,  xxi,  169. 
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a  decreased  hydrogen  ion  concentration  and  maintain  a  fin 
reaction  differing  little  from  the  normal. 

Most  of  the  methods  used  in  the  past  in  the  study  of  acidosis  a 
available  for  the  investigation  of  a  condition  such  as  is  descrilx 
above.  As  in  acidosis,  the  problem  is  complicated  by  the  fact  th 
the  variations  in  the  reaction  of  the  blood  are  never  very  gre 
and  have  always  been  difficult  to  determine.  As  the  ordina 
titration  procedures  are  unsatisfactory,  most  of  the  methods 
study  have  been  indirect. 

Several  methods  have  been  developed  recently  which  shou 
be  valuable  in  furnishing  the  necessary  data.  Barcroft'  and  I; 
collaborators  have  shown  that  the  dissociation  of  oxyhemoglob 
may  serve  as  a  very  sensitive  index  to  variations  in  the  reacti< 
of  the  blood.  A  new  method  for  the  rapid  determination  of  tl 
hydrogen  ion  concentration  of  the  blood  has  recently  been  devis< 
by  Levy,  Rowntree,  and  Marriott,'  which  is  sufficiently  delica 
to  record  slight  changes  in  the  reaction  of  the  blood. 

These  two  methods,  together  with  the  familiar  determinatic 
of  alveolar  carbon  dioxide  pressure,  have  furnished  evidence 
support  the  view  that  after  the  removal  of  the  parathyroid  glan- 
from  dogs  there  may  develop  a  condition  of  alkalosis.  This  alk 
losis  tends  to  be  counteracted  by  the  tetany  which  soon  becom 
manifest.  Acid  metabolic  products  are  apparently  formed  du 
ing  tetany  which  neutralize  the  excess  of  bases  and  may  ev< 
produce  an  acidosis  of  var3dng  duration.  During  the  acidos 
periods  following  the  acute  attacks,  the  gross  symptoms  of  tetai 
are  usually  less  evident. 

The  Dissociation  Constant  of  Oxyhemoglobin. 

Barcroft  and  his  collaborators  have  developed  a  method  f 
the  determination  of  the  dissociation  constant  of  oxyhemoglob 
and  have  shown  that  it  is  greatly  affected  by  variations  in  tl 
reaction  of  the  blood.  The  percentage  saturation  of  hemoglob 
with  oxygen  at  different  oxygen  pressures  may  be  determine 
and  a  curve  constructed  to  show  the  relationship  of  the  percenta] 

«  Barcroft,  J.,  The  Respiratory  Function  of  the  Blood,  Cambridge,  191 
»  Levy,  R.  L.,  Rowntree,  L.  G.,  and  Marriott,  W.  M.,  Arch.  Int.  Ma 
1915,  xvi,  389. 
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saturation  to  the  oxygen  pressure.  This  curve  may  be  repre- 
sented by  the  equation 

^vhere  y  is  the  percentage  saturation  of  hemoglobin  with  oxygen, 
•z^  is  the  oxygen  pressure,  n  is  the  aggregation  constant,  and'  K 
is  the  dissociation  constant  of  oxyhemoglobin.   The  aggregation 
<^onstant,  n,  for  blood  is  about  2.5  and  is  not  materially  changed 
by  ordinary  variations  in  concentration  of  acids,  bases,  or  salts. 
This  value  has  been  used  throughout  this  investigation.  Thus 
^be  dissociation  constant,     may  be  calculated  after  determining 
^he  percentage  saturation  of  hemoglobin  in  blood  in  equihbrium 
^th  a  known  pressure  of  oxygen.   When  determined  at  a  con- 
stant temperature  and  under  comparable  conditions  the  changes 
in  the  values  of  K  may  indicate  variations  in  the  hydrogen  ion 
concentration  of  the  blood  examined.   Acids  decrease  the  value  of 
K  and  alkalies  increase  it.   Or,  expressed  diflFerently,  for  a  definite 
tension  of  oxygen,  acids  decrease  the  percentage  saturation  and 
alkalies  increase  it. 

Two  methods  of  study  are  readily  available.  Variations  in 
the  actual  hydrogen  ion  concentration  of  the  blood  as  it  exists  in 
the  body  may  be  ascertained  by  determining  the  values  of  the 
dissociation  constant  of  oxyhemoglobin  in  bloods  containing 
the  amount  of  carbon  dioxide  which  they  held  when  in  the  body, 
oi*,  practically,  in  bloods  brought  into  equilibrium  with  a  pres- 
sure of  carbon  dioxide  equal  to  the  alveolar  carbon  dioxide  ten- 
sion. In  order  to  distinguish  these  variations  from  those  desig- 
nated by  the  terms  "acidosis"  and  "alkalosis,"  Barcroft  has  pro- 
posed a  new  nomenclature  to  describe  the  results  obtained  by  this 
Method.  If  the  value  of  if  is  normal  the  blood  is  said  to  be 
^esectic;  if  above  normal,  pleonectic;  if  below  normal,  meionectic. 
other  words,  blood  is  mesectic,  pleonectic,  or  meionectic  accord- 
to  whether  its  reaction  as  it  circulates  in  the  body  is  normal, 
^ore  alkaline,  or  more  acid  than  normal. 

The  second  procedure  consists  in  bringing  the  blood  into  equi- 
librium with  a  constant  tension  of  carbon  dioxide  and  a  suitable 
Pt^essure  of  oxygen,  and  determining  K,   This  method  eliminates 
the  neutralizing  action  of  the  carbonic  acid  which  varies  with  the 
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alveolar  carbon  dioxide  tension.  The  resulting  values  shoi 
show  variations  which  are  comparable  to  the  values*  obtair 
by  titration  methods  and  indicate  changes  in  the  ''non-volati 
acid-base  equiUbrium  or  the  "reserve  alkalinity."  Variatic 
from  the  normal  indicate  acidosis  or  alkalosis  conditions. 

In  most  of  the  experiments  reported  below,  the  values  of  1 
dissociation  constant  of  oxyhemoglobin  were  determined  by  t 
procedure  in  order  to  determine  whether  acidosis  or*  alkalc 
conditions  existed.  A  few  determinations  were  made  using  1 
first  method. 

The  determinations*  were  carried  out  with  the  large  difTerenI 
blood  gas  apparatus  described  by  Barcroft  and  Roberts,^  folic 
ing  the  directions  given  by  Barcroft'  except  for  the  follow: 
modifications.  3.5  cc.  of  blood  were  drawn  into  a  syringe  a 
taining  0.5  cc.  of  3  per  cent  sodium  fluoride  solution.'  T 
mixture  was  shaken  in  air  for  ten  to  fifteen  minutes  to  remc 
the  CO2.  Blood  containing  sodium  fluoride  was  found  to  yi 
more  constant  results  than  defibrinated  blood  as  used  by  B 
croft.  The  determinations  were  carried  out  at  37**.  Dili 
ammonia,  as  used  in  the  method,  was  introduced  into  the  rij 
hand  bottle  of  the  differential  apparatus  instead  of  saturated  blo< 
The  gas  from  the  tonometer  was  analyzed  after  it  had  been  us 
The  oxygen  pressure  in  the  tonometer  was  calculated,  correct 
for  temperature  and  water  vapor  pressure.  No  correction 
the  solubiUty  of  gases  was  applied  to  the  calculated  percenti 
saturation  values  as  the  correction  was  found  to  be  within  1 
errors  of  the  determination.  The  determinations  were  usua 
carried  out  singly,  though  many  duplicates  confirmed  the  accun 
of  our  procedure. 

The  irregularity  of  the  development  of  tetany  and  the  rapid 
with  which  variations  in  the  dissociation  constant  of  oxyher 
globin  occurred  as  the  attacks  progressed,  together  with  the  \ 

*  The  determinations  of  the  dissociation  constant  of  oxyhemoglol 
were  made  by  Miss  Thurlow  in  Prof.  W.  H.  Howell's  laboratory.  We  w 
to  thank  Prof.  Howell  for  the  use  of  his  apparatus  and  his  many  suggestic 

*  Barcroft,  J.,  and  Roberts,  F.,  Jour.  Physiol. ^  1909-10,  xxxix,  429 

*  Barcroft,  The  Respiratory  Function  of  the  Blood,  Cambridge,  H 
Appendix  I,  p.  292. 

^  The  Ph  of  this  solution  was  7.4. 
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avoidable  delays  necessary  for  carrying  out  the  determinations, 
make  the  data  less  complete  than  is  desired  but  it  is  believed  that 
an  idea  of  the  larger  variations  which  may  occur  can  be  gained 
from  a  composite  picture  of  the  experiments  reported  below.  The 
data  from  which  the  following  figures  were  prepared  may  be 
found  in  Tables  I  to  VIII  at  the  end  of  this  paper.    The  values 
of  K  are  plotted  along  the  ordinates  and  time  is  plotted  in  days 
along  the  abscissae.    When  several  observations  were  made 
in  one  day,  the  time  relations  are  maintained  but  the  night  periods, 
when  the  animals  were  not  watched,  are  omitted.    The  omission 
is  indicated  by  a  break  in  the  base  line  and  a  broken  line  on  the 
curve.   The  curves  of  the  alveolar  carbon  dioxide  pressures,  also 
plotted,  are  discussed  later  in  this  paper.    The  animals  were 
not  fed  during  the  experiments. 


^^Q.  1.  Experiment  37.  Operation  Mar.  6.  (See  Table  I.)  1.  No  trem- 
ors; p.m.,  shivering?  2.  Quiet.  Very  faint  tremors.  3.  Acute  attack 
of  tetany.   4.  After  attack.  Depressed. 


Experiment  37. — The  dissociation  constant  of  oxyhemoglobin  as  deter- 
'^ined  with  the  blood  from  Dog  37  showed  a  normal  fasting  value  of 
^•^H)06.  Two  days  after  the  removal  of  most  of  the  thyroid  tissue  the 
^'^inaal  was  found  in  mild  tetany.  The  value  of  K  at  this  time  was 
^•OO40.  The  tetany  rapidly  became  acute  and  at  the  height  of  the 
^^tack  the  value  of  K  had  dropped  to  0.0024.  One  and  one-half  hours 
^^ter,  after  the  attack  had  subsided,  the  value  of /iC  was  slightly  below 
*^onnal. 

Analyzing  these  data  in  terms  of  the  acid-base  equilibrium  which 
^Hey  may  represent,  we  find  that  just  preceding  an  acute  attack  of 
^^tany,  this  animal  showed  a  considerable  alkalosis.  During  the  acute 
tetany  period  the  alkalosis  diminished.    It  was  completely  neutralized 
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after  the  acute  attack  and  replaced  by  a  slight  acidosis.  This  probaiz 
resulted  from  the  acid  metabolic  products  formed  by  the  extreme  m  i 
cular  activity  during  the  acute  tetany  period. 


Fig.  2.  Experiment  49.  Operation  May  3.  (See  Table  II.)  1.  F:* 
tremors.  2.  Mild  acute  tetany.  3.  Violent  tetany.  4.  Mild  tremo* 
5.  General  tremors. 

Experiment  i9. — The  blood  from  this  animal  showed  variations  simil 
to  those  observed  with  No.  37.   The  normal  value  of  K  was  found  to 
unusually  high  (0.0022)  but  it  had  increased  to  0.0037  on  the  day  after  t 
operation.   The  mild  tremors  did  not  develop  into  severe  tetany  althou j 
the  values  of  K  decreased  gradually  to  below  normal.   A  mild  attack 
acute  tetany,  apparently  brought  on  by  excitement,  was  observed  in  tt 
afternoon  when  the  value  of  K  was  low.   After  an  acute  attack  on  iZ 
following  day  the  value  of  K  was  still  lower.   In  this  experiment,  the  allc 
losis  condition  which  developed  on  the  day  after  the  operation  was  neutrc 
ized  by  mild  continuous  tremors. 
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Fig.  3.  Experiment  43.  Operation  Apr.  19.  (See  Table  III.)  1.  Fe 
faint  tremors.  2.  Acute  tetany  just  started.  3.  Prostration.  N 
tremors.  4.  Apathetic.   No  tremors.   5.  Marked  tremors. 


Experifnent  4S, — A  slight  alkalosis  condition  was  observed  on  the  da 
after  the  operation  just  before  a  period  of  very  acute  tetany.  On  accoui 
of  the  rapidity  with  which  the  blood  may  change  in  these  animals,  f 
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shown  by  other  experiments,  the  observed  value  (O.OOlO)  may  not  repre- 
sent the  maximum  alkalosis  preceding  the  attack.  During  the  prostra- 
tion following  the  severe  tetany,  the  value  of  K  was  found  to  be  very  low 
(0 .00008).  The  values  of  K  indicated  the  development  of  a  gradually  in- 
creasing alkalosis  during  the  next  two  days  when  no  tremors  were  observed. 
Tetany  became  apparent  on  the  second  day. 


JtprZS  '  29  '  30  .^ZBd^/ 

Fig,  4.  Experiment  48.  Operation  Apr.  28.  (See  Table  IV.)  1.  Fine 
tremors.  2.  Severe  tetany.  Improving.  3.  Acute  tetany,  appar- 
ently brought  on  by  excitement.  4.  Acute  tetany.  Injected  acid. 
0.  Faint  tremors.   6.  No  tremors.   7.  Mild  tetany. 

Experiment  48. — ^An  acidosis  condition  was  observed  following  an  acute 
attack  of  tetany  on  the  second  day  after  the  operation.   This  was  neutral- 
ized during  the  day.  The  value  of  K  again  indicated  an  acidosis  dur- 
another  acute  attack.   On  the  next  day,  a  value  slightly  below  normal 
▼as  observed  during  acute  tetany.  An  injection  of  acid  caused  a  relief 


^'Q-  5.  Experiment  40.  Operation  Mar.  13.  (See  Table  V.)  1.  No 
tremors.  2.  Mild  tremors.  3.  Tremors  increased.  4.  Prostration. 
Mild  tremors. 

^'^Ua  tetany  and  a  considerable  fall  in  the  value  of  K,   Thereafter  the 
was  treated  with  acid  by  mouth  and  showed  only  mild  tremors  for 
J^^eral  days.   A  value  of  K  above  normal  was  observed  on  April  12  when 
^  dog  exhibited  mild  tetany.  Most  of  the  determinations  were  unfor- 
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tunately  carried  out  at  times  which  the  gross  symptoms  indicated  were 
not  favorable  for  alkalosis  conditions.   This  fact  may  account  for  tlie 
lack  of  high  values  of  K  during  the  first  few  days  of  the  experiment.  Ttie 
relative  increase  of  the  acid  radicles  in  the  blood  after  acid  injection  \s 
clearly  demonstrated. 

Ezpzrirmnl  40. — A  value  of  K  slightly  below  normal  was  observed  <r^n 
the  s3cond  day  after  the  operation  when  the  animal  appeared  to  be  wr-  c- 
covering  from  an  acute  attack  of  tetany. 


Fig.  6.  Experiment  45.   Dog  with  Eck  fistula.   Operation  May  11. 

Table  VI.)  1.  Shivering,  restless.  2.  Few  contractions.  3.  Shiv  Ber- 
ing.  4.  Occasional  mild  tremors.   5.  Mild  acute  tetany. 


Experiment  4S. — A  high  value  of  K  on  the  day  after  the  operation  in  -^Ji- 
cated  a  considerable  alkalosis  when  shivering  and  indefinite  contractid^ 
suggested  a  parathyroid  insufficiency.   During  the  remainder  of  the  exp»  ^i" 
ment  no  large  variations  from  the  normal  were  observed  in  the  values 
K  as  obtained  by  our  regular  method.   Defibrinated  blood  had  been  fou- 
to  be  less  satisfactory  than  blood  to  which  sodium  fluoride  had  been  adcM  ^ 


Jifur /o'  It 

Fig.  7.  Experiment  39.   Operation  Mar.  10.    (See  Table  VII.)    1.  Shi 

ering.  2.  Mild  tremors.  3.  No  tremors.  4.  No  tremors.  Opec^:^^ 
tion.  5.  Acute  tetany.  6.  Acute  tetany.  Injected  CaCli  solutio^^^" 
7.  Moderate  tremors.   8.  Mild  tremors.    Injected  CaCl2  solutioi^^" 
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8  an  anticoagulant  but  in  this  experiment  we  detennined  to  compare 
16  results  of  the  two  methods.  The  normal  values  of  K  obtained  with 
oth  methods  were  closely  comparable  but  on  the  following  days  the  de- 
brinated  blood  furnished  rapidly  increasing  values  while  the  regular 
etermination  gave  values  slightly  below  normal.  We  are  unable  at  pres- 
it  to  account  for  the  large  discrepancy. 

Experiment  S9. — An  extreme  alkalosis  was  observed  early  on  the  second 
ay  after  the  operation.  At  this  time  definite  tremors  were  not  observed 
Lthough  a  slight  shivering  which  might  be  attributed  to  fright  or  excite- 
lent  under  ordinary  circumstances  was  apparent.  Mild  tremors  developed 
uring  the  day  while  the  alkalosis  became  completely  neutralized.  A  spon- 
sineous  recovery  seemed  to  occur  as  the  tremors  disappeared  on  the  fol- 
>wing  day  and  the  value  of  K  was  but  slightly  above  normal  on  March  13 
nd  15.  The  remaining  thyroid  tissue  was  therefore  removed  on  the 
5th.  Acute  tetany  developed  on  the  following  day.  A  slight  alkalosis 
^as  evident  on  the  morning  of  the  17th.  Another  period  of  acute  tetany 
eveloped  and  was  relieved  by  injections  of  CaClj  solution.  An  hour 
fter  the  last  injection  the  value  of  K  had  returned  nearly  to  normal. 

To  gain  an  idea  of  the  variations  in  the  hydrogen  ion  concen- 
ration  of  the  blood  as  it  existed  in  the  body,  two  determinations 
rere  carried  out  with  blood  containing  CO2.  The  value  of  K 
btained  on  the  11th  (when  the  regular  determination  showed  the 
lood  to  be  about  normal)  was  0.00026  with  blood  in  equilibrium 
ith  a  pressure  of  CO2  slightly  higher  than  the  alveolar  CO2 
msion.  On  the  17th  during  extreme  tetany,  the  value  of  0.00024 
as  obtained  from  blood  in  equilibrium  with  38  mm.  CO2.  The 
Iveolar  CO2  tension  at  the  time  was  50  mm.  Had  this  pressure 
een  used  in  the  determination  the  value  would  have  been  con- 
derably  lower.  These  determinations  are  sufficient  to  show  that, 
I  the  period  of  acute  tetany,  the  blood  was  meionectic,  i.e., 
lore  acid  than  normal.  This  may  account  for  the  panting 
bserved  at  this  time. 

Experiment  J^. — This  animal  did  not  develop  acute  tetany  for  several 
ays  after  the  operation  although  mild  tremors  were  apparent  on  the 
scond  day.  The  rise  and  fall  in  the  values  of  K  during  the  first  four  days 
f  the  experiment  without  the  development  of  acute  tetany  emphasize 
imilar  observations  in  previous  experiments.  Notwithstanding  the  more 
•renounced  tremors  on  the  27th,  a  considerable  alkalosis  persisted  during 
he  day,  increasing  to  a  maximum  in  the  evening.  The  value  of  K  dropped 
luickly  after  the  injection  of  CaCU  solution  but  did  not  return  to  normal. 
;t  was  slightly  lower  on  the  following  day  but  was  high  again  on  the  next. 
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Another  comparison  was  made  of  the  variations  in  the  reactici 
of  the  blood  brought  into  equilibrium  with  a  gas  mixture  cos 
taining  COs  at  a  pressure  approximating  that  of  the  alveolar  a5 
On  the  26th,  when  the  value  of  K  by  the  regular  method  was  stz: 
somewhat  above  normal,  the  value  of  K  with  blood  containir- 
the  requisite  amount  of  CO2  was  0.00019.    On  the  following  da 
although  the  alveolar  carbon  dioxide  pressure  was  considerab 
higher,  a  value  of  0.00031  was  obtained.    Thus,  in  spite  of  tl 
increased  content  of  carbonic  acid,  the  blood  was  pleonectic 
more  alkaline  than  on  the  previous  day.   This  decreased  hydrr 
gen  ion  concentration  of  the  blood  in  the  body  suggests  an  5, 
creased  irritability  of  the  respiratory  center. 


'» '30 


Fig.  8.  Experiment  42.  Operation  Mar.  23.  (See  Table  VIII.)  1.  Quie? 
No  tremors.  2.  Fine  tremors.  3.  Moderate  tremors.  4.  Injects 
CaCh  solution.   5.  Mild  tremors.   6.  Acute  tetany. 


The  dog  appeared  at  this  time  to  be  more  quiet  than  usual  anc 
toward  evening  appeared  quite  sick  and  apathetic.  This  is  oj 
interest  in  connection  with  Barcroft's®  observation  that  ''wher 
the  subject  feels  in  normal  health,  the  blood  is  mesectic,  though  i1 
may  be  abnormal.  If  blood  is  pleonectic  or  meionectic,  the  sub 
ject  feels  out  of  his  normal  condition  and  shows  sjonptoms  of  th( 
change." 

Should  this  prove  true,  our  findings  might  explain  some  of  th( 
symptoms  usually  observed  in  dogs  after  parathyroidectomy 
Before  attacks  the  animals  appear  either  uneasy  or  unusually 

« Barcroft,  J.,  Camis,  M.,  Mathison,  G.  C,  Roberts,  F.,  and  RyfTel 
J.  H.,  Jour.  Physiol.,  1912-13,  xlv,  p.  xlvii. 
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quiet,  which  might  possibly  be  explained  in  accordance  with  the 
above  results  as  due  to  a  condition  of  pleonexy.  The  depressed 
condition  after  the  acute  attacks  may  be  partly  due  to  meionex}^ 
r*aused  by  the  piling  up  of  the  acid  metabolic  products  of  the  mus- 
21g  activity. 

The  following  controls  were  carried  out  to  show  the  effects  of 
"asting,  the  operation,  and  the  removal  of  thyroid  tissue.  The 
iata  are  recorded  in  Table  IX. 

Experiment  46. — Dog  fasted  twelve  days.  The  variations  in  the  values 
>f  K  are  within  the  experimental  errors. 

Experiment  56. — Lower  lobes  of  both  thyroids  removed.  No  appreciable 
variation  in  the  values  of  K  was  noted. 

Experiment  51 . — One  and  one-half  thyroids  removed  leaving  one  visible 
parathyroid.  The  values  of  K  increased  from  0.0009  to  0.0014-0.0016. 
This  dog  developed  distemper  and  soon  died  so  that  it  is  uncertain  how 
nauch  these  values  may  be  credited. 

Experiment  58. — Two  large  and  two  small  parathyroids  removed  (all 
that  were  visible).  No  tetany  developed.  No  increase  in  the  values  of 
K  was  observed. 

From  the  above  experiments  we  may  conclude  that  fasting  and 
the  effects  of  the  operation  are  not  sufficient  to  cause  the  experi- 
ttiental  variations  which  have  been  observed.  The  removal  of 
thyroid  tissue  apparently  plays  no  role  in  causing  our  experimental 
findings.    This  should,  however,  be  further  verified. 

The  Alveolar  Carbon  Dioxide  Pressure. 

The  wide  use  in  the  past  has  shown  the  value  of  the  alveolar 
^rbon  dioxide  determinations  for  giving  information  concerning 
the  acid-base  equilibrium  in  the  blood.  It  was  soon  observed 
^fter  Haldane  and  Priestley®  introduced  their  simple  method  for 
the  collection  and  analysis  of  the  alveolar  air  that  in  conditions 

acidosis  the  alveolar  carbon  dioxide  pressure  was  diminished. 
The  total  carbonic  acid  content  of  the  blood  is  the  chief  factor 
governing  the  maintenance  of  the  normal  reaction  of  that  fluid. 
As  the  pressure  of  the  carbon  dioxide  in  the  alveolar  air  is  depend- 

on  the  tension  of  carbon  dioxide  in  the  blood  which  in  turn 
^^ries  with  the  total  carbonic  acid  therein,  the  variations  of  the 


*  Haldane,  J.  S.,  and  Priestley,  J.G.,  Jowr.  PhyaioL,  1905,  xxxii,  225. 


100 


Acid-Base  Equilibria 


latter  after  the  introduction  of  acids  and  alkalies  may  easily  b 
followed  by  studying  the  alveolar  carbon  dioxide  pressure. 

The  use  of  this  method  for  indicating  variations  in  the  acid 
base  relationship  in  the  body  may  be  criticized  on  several  grounds 
It  must  be  assumed  that  the  excitabiUty  of  the  respiratory  centc 
does  not  vary  during  the  period  of  observation.  As  the  reactio 
of  the  blood  is  probably  the  normal  stimulus  for  the  respirator 
center,  a  constant  irritability  must  maintain  a  constant  hydroge 
ion  concentration  of  the  blood.  In  such  a  case  the  alveolar  CC 
pressure  would  be  a  satisfactory  index  of  the  "non-volatile"  acic 
base  equilibrium  in  the  blood  for  the  carbonic  acid  would  be  re 
placed  by  other  acids  diffusing  into  the  blood  and  a  lowered  CC 
tension  result.  Any  variation  in  the  irritability  of  the  respirs 
tory  center  would,  however,  cause  a  new  hydrogen  ion  concentn 
tion  of  the  blood  to  be  maintained  and  therefore  a  variation  i 
the  alveolar  CO2  pressure.  Thus,  decreased  irritability  of  th 
respiratory  center  permits  an  increased  alveolar  CO2  tension  an 
an  increased  hydrogen  ion  concentration  of  the  blood  after  mo] 
phine  injections  (Straub,^®  Hasselbalch").  Hasselbalch  an 
Lundsgaard"  have  shown  that  the  irritability  of  the  respirator 
center  varies  inversely  with  the  oxygen  tension.  Changes  in  il 
irritability  of  the  center  resulting  from  pathological  conditioi 
have  been  little  investigated.  Hasselbalch"  found  increase 
irritability  during  pregnancy  causing  low  alveolar  CO2  tensions 

As  the  respiration  is  the  means  of  maintaining  the  normj 
reaction  of  the  blood,  muscular  activity  must  quickly  affect  i 
After  short  periods  of  strenuous  work  the  alveolar  CO2  tensic 
is  high  (Haldane  and  Priestley,^*  Douglas  and  Haldane,^*  Coc 
and  Pembrey^^)  but  the  excess  of  CO2  is  removed  by  increase 
ventilation.  The  acid  metabolic  products  formed  produce 
temporary  acidosis  which  apparently  persists  until  they  are  eith( 

'oStraub,  W.,  Biochein.  Zischr.,  1912,  xli,  419. 
Hasselbalch,  K.  A.,  ibid,,  1912,  xlvi,  403. 

Hasselbalch,  K.  A.,  and  Lundsgaard,  C,  Skandin.  Arch.  f.  Physioi 
1912,  xxvii,  13. 

"Hasselbalch,  i6td.,  1912,  xxvii,  1. 
^*  Haldane  and  Priestley,  loc.  cit. 

"  Douglas,  C.  G.,  and  Haldane,  J.  S.,  Jour.  Physiol. y  1909,  xxxviii,  42( 
'•Cook,  F.,  and  Pembrey,  M.  S.,  ibid.,  1912-13,  xlv,  p.  i. 
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burned  up  or  eliminated  by  the  kidneys.    Variations  in  muscular 
activity  which  disturb  the  equilibrium  maintained  by  a  respiratory 
center  of  constant  irritability  must  therefore  interfere  with  the 
method  as  an  indicator  of  the^  "non-volatile"  acid-base  equilibrium 
of  the  blood. 

Higgins^'  has  recently  shown  that  different  activities  cause  slight 
v^ariations  in  the  alveolar  COj  tension  which  he  beUeves  cannot 
t>e  explained  as  due  to  variations  in  the  reaction  of  the  blood  but 
to  some  other  agent  affecting  the  respiratory  center. 

In  spite  of  the  numerous  objections  to  the  method,  it  has  proven 
of  great  value  in  the  past  in  the  study  of  acidosis.  Determina- 
tions of  the  alveolar  CO2  tensions  of  dogs  in  tetany  have  there- 
fore been  made  with  the  hope  that  data  might  be  obtained  which 
could  be  applied  to  our  present  study. 

The  Plesch^*  method  was  used  to  obtain  samples  of  the  alveolar 
air.    The  analyses  were  carried  out  with  a  small  Haldane  gas 
analysis  apparatus.^*   The  Plesch  method  consists  in  rebreathing 
into  a  closed  rubber  bag  until  the  mixture  of  gases  is  in  equi- 
librium with  the  venous  blood.    A  volume  of  air  (about  250-350 
cc.)  large  enough  to  be  nearly  completely  inspired  was  placed  in 
a  rubber  bag,  the  mask^®  attached  and  placed  over  the  dog's  nose. 
The  clamp  was  removed  and  the  animal  allowed  to  rebreath  the 
air  in  the  bag  for  periods  varying  from  twenty  to  thirty  seconds. 
With  normal  breathing,  variations  of  from  twenty  to  forty  seconds 
^de  very  sUght  differences  in  the  results.    In  our  earlier  experi- 
ments the  dogs  were  placed  on  their  backs  on  an  operating  table 
during  the  collections  but  later  we  found  it  more  convenient  to 
^Uow  them  to  sit  or  stand  while  collecting  the  sample.  Most 
dogs  become  accustomed  to  the  procedure  very  quickly  and 
do  not  become  restless  during  the  collections.    Struggling  tends 
^  produce  high  results  so  that  care  was  always  taken  to  keep  the 
^'^iuials  quiet.    A  sufficient  number  of  parallel  determinations 
carried  out  to  establish  their  uniformity,  two  or  three  usually 
'^^ing  suflScient.    In  this  way,  duplicates  varying  1-2  mm.  or 

Higgins,  H.  L.,  Am.  Jour.  Physiol. ^  1914,  xxxiv  114. 
*•  Plesch,  J.,  Ztschr.f.  exper.  Path.  u.  Therap.,  1909,  vi,  380. 
^*  Mr.  J.  H.  Janney,  Jr.,  assisted  in  some  of  these  determinations. 

With  the  mask  devised  by  Dr.  Marriott  the  determination  becomes 
^®ry  satisfactory  for  use  with  animals. 
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less  were  averaged.  The  percentage  results  obtained  from  tl 
gas  analyses  were  reduced  to  mm.  mercury  pressure,  correctir 
for  the  variation  in  pressure  due  to  diflFerences  in  the  water  vap« 
tensions  at  the  different  temperatuijes  of  the  animal. 

Data  showing  characteristic  variations  in  the  alveolar  CC 
pressure  are  given  in  Tables  I-X.  Most  of  these  values  ha^ 
been  plotted  with  the  curves  of  iiC  in  the  preceding  figures. 

The  most  noticeable  variations  occurred  during  the  extren: 
attacks  of  tetany  when  the  alveolar  CO2  tensions  usually  ros 
rapidly  to  a  maximum  and  then  fell  rapidly.  The  data  of  Exper 
ment  37  show  variations  which  are  typical  of  many  other  exper 
ments  not  reported  here.  As  a  period  of  acute  tetany  set  in,  tt 
alveolar  CO2  tension  rose  from  44  to  48  mm.  Ten  minutes  late 
it  had  reached  57  mm.  At  this  time  the  tetany  was  extreme  an 
panting  had  just  begun.  Ten  minutes  after  panting  started,  tl 
pressure  had  dropped  to  50  mm.  The  alveolar  CO2  pressure  w£ 
considerably  below  normal  after  the  attack. 

The  characteristic  rise  and  fall  in  the  alveolar  CO2  pressui 
during  periods  of  acute  tetany  may  be  observed  in  most  of  tl 
experiments  reported  here.  The  pressure  rose  gradually  as  tl 
tremors  became  more  severe  even  though  little  effect  on  the  respirj 
tion  was  observed.  We  did  not  determine  whether  the  ventili 
tion  was  increased.  Soon  after  the  acute  attack  began,  pantir 
commenced  and  the  alveolar  CO2  pressure  dropped  more  or  lei 
rapidly  to  a  value  below  normal.  Later  there  was  often  a  cond 
tion  of  depression  and  the  tremors  had  nearly  or  complete! 
disappeared. 

The  complication  introduced  by  the  muscle  tremors  renders  tl 
high  values  of  little  importance  as  indicating  a  possible  alkalosi 
They  probably  represent  a  piling  up  of  CO2  faster  than  can  I 
removed.  It  is  interesting  in  this  connection,  however,  to  nol 
the  high  pressures  which  may  develop  before  the  gross  indicatioi 
of  hyperpnea,  i.e.,  panting,  develop.  The  alveolar  CO2  tensic 
may  rise  10  mm.  before  panting  starts. 

Even  more  suggestive  are  the  numerous  observations  whei 
the  alveolar  CO2  tensions  rose  to  values  considerably  above  noi 
mal  and  remained  for  hours  without  any  indications  of  increase 
stimulation  of  the  respirator^'-  center  or  excessive  muscular  activ 
ity.    Persistently  high  values  were  observed  in  Experiment  3 
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(Table  X)  where  the  alveolar  CO2  pressures  were  49-51  mm. 
during  several  hours  on  the  day  after  the  operation  before  the 
tremors  were  hardly  apparent.  After  the  acute  attack  the  high 
alveolar  CO2  pressures  persisted  for  an  unusual  length  of  time. 
A  tension  of  56  mm.  was  found  in  Experiment  49  when  the  animal 
exhibited  but  few  tremors.  Dog  40  gave  a  series  of  high  tensions 
for  eight  hours  during  which  only  mild  tremors  were  seen.  Other 
exp)eriments  give  evidence  of  high  alveolar  CO2  pressures  persisting 
during  periods  when  tremors  were  mild. 

It  would  seem  that  these  values  could  hardly  be  attributed  to 
the  muscular  activity.  They  might  be  due  to  a  depression  of 
the  respiratory  center  which  would  naturally  result  in  an  in- 
creased COi  tension.  But  in  one  of  the  most  striking  experiments, 
No.  42,  the  value  of  the  dissociation  constant  of  oxyhemoglobin 
i^^dicates  that  the  respiratory  center  was,  indeed,  unusually  irrit- 
able and  the  hydrogen  ion  concentration  of  the  blood  in  the  body 
^^finitely  decreased,  resulting  in  a  condition  of  pleonexy.  These 
'^^^  creased  alveolar  CO2  tensions  may  therefore  indicate  that  a 
Condition  of  alkalosis  was  present  at  these  times. 

The  low  tensions  observed  after  the  attacks  may  be  ascribed 
the  acidosis  conditions  resulting  from  the  extreme  muscle  work. 
Similar  low  values  have  often  been  observed  after  muscular  ac- 
^'iirity  and  ascribed  to  a  temporary  acidosis  caused  by  the  presence 
^  J  lactic  acid  formed  on  account  of  the  lack  of  an  adequate  oxygen 
^Vapply  to  the  muscles  during  activity.  . 

A  comparison  of  the  variations  in  the  values  of  K  and  the  alve- 
^Xar  CO2  pressures  makes  it  apparent  that  in  many  respects  they 
^''^il  to  show  parallelism.    It  may  be  seen  from  many  of  the 
^xarves  that  the  sudden  rise  and  fall  of  the  observed  alveolar  CO2 
"ti-ensions  cannot  be  taken  as  indicating  similar  variations  in  the 
acid-base  equiUbrium  in  the  body.    This  again  emphasizes  the 
view  point  that  they  are  due  to  extreme  variations  in  the  COj 
F>roduction  caused  by  the  excessive  muscular  activity.    The  slow- 
'^ess  with  which  the  respiratory  center  responds  to  the  rapidly 
increasing  CO2  tension  in  several  experiments  may  be  due  in  part 
to  the  relative  excess  of  bases  in  the  blood  and  therefore  a  slower 
^ate  of  increase  of  the  hydrogen  ion  concentration  of  the  blood. 
T'he  increase  in  temperature  of  the  animal  might  be  expected  to 
^fluence  the  whole  discussion  by  shifting  the  reaction  of  the  blood 


104 


Acid-Base  Equilibria 


and  by  affecting  the  heat  regulating  mechanism,  but  its  actio 
is  complicated  and  cannot  be  closely  defined  at  present. 

We  have,  however,  several  instances  where  the  alveolar  CC 
tension  rose  with  a  relative  increase  in  bases  as  measured  by  ^ 
In  Experiment  39  the  alveolar  CO2  tension  was  above  norm^ 
when  the  value  of  K  was  high.  Experiment  42  showed  con: 
tinuously  high  values  on  the  27th  for  both.  Parallelism  is  ala 
evident  in  Experiment  49. 

Such  parallelism,  as  well  as  the  similarity  in  variation  note 
after  the  tetany  periods  and  injections,  suggests  that,  except  i 
the  extreme  tetany  periods,  the  alveolar  CO2  pressures  may  indi 
cate  alkalosis  or  acidosis  conditions  in  agreement  with  the  valu_ 
of  the  dissociation  constant  of  oxyhemoglobin.  Occasional  diver 
gencies  may  be  noted  however. 

The  injection  of  acids  into  the  blood  stream  might  naturally 
be  expected  to  cause  a  variation  in  the  **non-volatile"  acid-bas- 
equilibrium.  Evidence  supporting  this  was  obtained  in  Experi 
ment  48.  After  the  intravenous  injection  of  hydrochloric  aci« 
solution  the  value  of  K  decreased  and  the  alveolar  COj  pressur 
fell  quickly  to  36  mm.  The  administration  of  acid  by  mouti 
was  not  sufficient  to  maintain  a  subnormal  value  of  K,  In  another 
experiment  the  alveolar  CO2  pressure  suffered  similar  variations 
falling  from  43  to  34  mm.  after  the  injection  of  acid. 

A  fall  in  the  alveolar  CO2  pressure  after  calcium  administratioi 
was  noted  whenever  this  procedure  was  used.  In  Experiment  3" 
the  pressure  dropped  quickly  to  a  value  much  below  normal.  Th 
immediate  decrease  in  Experiment  42  was  as  sudden  though  no- 
«o  great,  but  on  the  following  day  a  low  value  was  observed.  Ii 
another  experiment  the  injection  of  10  cc.  of  calcium  chlorid* 
solution  caused  a  fall  in  the  alveolar  CO2  pressure  from  52  to  3i 
mm.  within  an  hour.    The  low  value  persisted  during  the  dajr 

The  decrease  in  the  alveolar  CO2  pressure  was  accompaniec 
by  a  fall  in  the  values  of  K,  In  Experiment  42  both  ran  paralle- 
but  in  Experiment  39  the  value  of  K  remained  slightly  above 
normal  while  the  alveolar  CO2  tension  indicated  a  considerable 
acidosis.  In  Experiment  39  the  effects  of  the  calcium  injection 
and  the  acute  tetany  can  hardly  be  distinguished  with  certainty" 
bift  in  Experiment  42  the  tremors  were  mild  and,  from  the  stud^i 
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I  during  the  day,  there  was  no  reason  to  expect  a  sudden  fall  due  to 
^     the  mild  tetany. 

Several  causes  for  these  variations  may  be  suggested.  Calcium 
salts  stimulate  the  respiratory  center^^  and  cause  an  improvement 
i*^  the  circulation  by  increasing  the  force  and  magnitude  of  the 
h^art  beat.    Either  effect  would  tend  to  increase  the  eflSciency 
of  aeration  of  the  blood  and  produce  a  lowered  CO2  tension.  But 
fctie  cause  of  the  rapid  decrease  in  the  value  of  K  after  the  intro- 
ciuction  of  a  neutral  salt  in  a  determination  not  influenced  by  the 
CI^Os  tension  is  less  apparent.   We  have  observed  similar  varia- 
tions after  the  injection  of  acid.    Can  it  be  that  the  calcium  salts 
ix^jected  caused  an  increase  in  the  acid  radicles  of  the  blood?^ 
Svich  an  action  would  account  for  the  variations  in  the  values  of 
and  assist  in  producing  the  low  alveolar  CO2  tensions.  The 
c^lose  parallelism  between  the  action  of  calcium  salts  and  acids 
^^i^^lien  injected  into  animals  in  tetany  suggests  the  possibility  that 
least  part  of  the  beneficial  action  of  the  calcium  salts  may 
fc>«  due  to  a  relative  increase  in  acid  radicles  caused*  by  their 
^  ^ministration. 

The  Hydrogen  Ion  Concentration  of  the  Blood, 

We  have  endeavored  to  supplement  our  previous  findings  by 
r:«::^€ans  of  a  method  for  the  determination  of  the  hydrogen  ion  con- 
c^entration  of  the  blood  devised  by  Levy,  Rowntree,  and  Marriott.** 
T'ie  method  consists  in  dialyzing  blood  in  celloidin  sacks  against 
r^^utral  salt  solution  and  determining  the  reaction  of  the  dialysate 
color  comparisons  with  an  indicator.    The  procedure  is  simple 
^Txd  trustworthy  if  care  is  taken  to  work  with  controlled  solutions 
a  room  free  from  fumes  of  acids  or  alkalies.    Bloods  were  exam- 
■^ned  as  they  came  from  the  veins  and  again  after  shaking  out  the 
excess  of  COj.    Variations  in  the  "non-volatile''  acid-base  equilib- 
rium should  become  apparent  with  the  second  procedure. 

Hooker,  D.  R.,  Am.  Jour.  Physiol. ,  1915,  xxxviii,  200. 

This  might  be  brought  about  by  the  formation  of  Ca3(P04)j  from 
^he  disodium  phosphate  or  possibly  CaCOs  from  the  carbonates  thus  lib- 
erating HCl. 

"  Levy,  Rowntree,  and  Marriott,  loc.  cit. 
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The  method  is  as  follows:  10  cc.  of  blood  were  drawn  from  ^he 
jugular  vein  into  a  syringe  containing  1  cc.  of  neutral  3  per  o^ent 
sodium  fluoride  solution  and  a  glass  bead,  care  being  taken  to 
avoid  the  entrance  of  air.   After  shaking  to  insure  complete  rem-  ix- 
ing,  2  cc.  were  introduced  into  a  freshly  rinsed  celloidin  bag  abcri^ut 
5  mm.  in  diameter  and  100  mm.  long,  and  placed  immediat-^^ly 
in  a  small  test-tube  containing  3  cc.  of  neutral  0.8  per  cent  N»-Cl 
solution.    Dialysis  was  allowed  to  proceed  for  five  minutes  a-^ 
room  temperature,  when  the  bag  was  removed,  five  drops 
the  indicator  solution  (phenolsulphonephthalein)  were  added, 
test-tube  was  quickly  stoppered  and  rotated  gently  to  cause  coi 
plete  diffusion  of  the  indicator.    The  color  was  compared 
mediately  with  standard  phosphate  solutions  of  known  Ph  contai 
ing  similar  amounts  of  indicator.    A  duplicate  determinati^^° 
was  made  at  the  same  time.   The  remainder-  of  the  blood  w — 
rotated  vigorously  in  a  Jena  glass  beaker  for  ten  minutes  to  r — 
move  the  excess  of  CO2  and  the  Ph  determined  as  described  abo^^^^- 

Phosphate  mixtures  showing  variations  of  0.05  Ph  were  us^^^ 
as  standards.    At  the  ordinary  range  of  blood  alkalinity,  the.^^ 
differences  can  easily  be  detected  by  comparison  after  the  adc^-^" 
tion  of  the  indicator.    The  method  as  carried  out  jaelded  resul"^^^ 
seldom  varying  more  than  0.05.    Usually  the  duplicates  appearer^^ 
identical  or  showed  differences  which  were  less  than  0.05.  Thoug-  ^ 
the  method  must  be  considered  quite  rough  when  compared 
the  gas  chain  and  the  dissociation  of  oxyhemoglobin  method^^^' 
we  believe  that  consistent  variations  of  0.10  in  Ph  may.be  con 
sidered  as  real  and  not  due  to  errors  in  manipulation  or  inheren- —  ^ 
in  the  method. 

The  absolute  values  obtained  by  the  use  of  blood  containing 
CO2  may  be  criticized  on  the  ground  that  CO2  had  escaped  during 
the  determination  and  the  solution  had  consequently  become  mor 
alkaline.  This  objection  is  valid  but  is  less  important  than  might 
at  first  thought  be  expected,  for  the 'diffusion  of  CO2  from  thc^^^ 
liquids  seems  to  be  quite  slow.  A  column  of  blood  3  cm.  high^^^ 
was  used  with  a  surface  only  5  mm.  in  diameter  exposed  to  the^-^ 
air  and  protected  from  air  currents  by  the  sides  of  the  test-tube=^^ 
and  dialyzing  bag.  The  volume  of  Uquid  made  more  alkalines^^ 
by  the  diffusion  of  CO2  from  the  surface  was  therefore  relatively^ 
very  small  and,  on  account  of  the  buffer  action  of  the  mixture, 
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could  influence  the  reaction  of  the  whole  very  slightly.  We  are 
interested  here,  however,  more  in  the  relative  values  from  day  to 
day  than  in  the  absolute  figures  obtained. 

The  data  obtained  by  the. use  of  this  method  may  be  found  in 
Table  XI.  The  normal  variations  of  Ph,  using  blood  as  drawn 
from  the  vein,  were  from  7.3  to  7.4.  After  bringing  the  blood 
into  equilibrium  with  the  air,  the  Ph  ranged  from  7.6  to  7.75  in 
different  normal  animals. 

Any  variations  in  Pn  in  blood  as  it  came  from  the  parathyroid- 
ectomized  animals  were  evidently  too  slight  to  be  recorded  with 
certainty  by  this  method.  After  shaking  the  blood,  however, 
small  but  definite  changes  were  noted.  In  all  cases  examined  in 
which  tetany  developed,  an  increased  alkalinity  was  observed  after 
removing  the  excess  of  CO2. 

In  Experiment  54,  Ph  increased  from  7.60  to  7.75  on  the  first 
day  of  tetany  and  decreased  when  the  tetany  became  chronic. 

increase  in  Experiment  55  from  7.75  to  7.80+  as  tetany 
developed  is  less  definite.   Blood  from  Dog  49  was  more  alkaline 
the  day  after  the  operation  and  was  normal  on  the  following 
I^y  after  an  acute  attack.   These  variations  run  roughly  parallel 
o  those  indicated  by  the  values  of  K, 

The  largest  variations  in  the  reaction  of  the  blood  were  ob- 
^ired  in  Experiment  45.  On  the  day  after  the  operation,  the  Ph 
^  creased  from  7.65  to  8.00  and  remained  high  for  several  days. 

value  had  returned  to  normal  after  a  period  of  chronic  tetany, 
^^liese  values,  indicating  an  alkalosis,  are  more  nearly  parallel 
c:^  the  values  of  K  as  determined  with  defibrinated  blood. 

A  considerable  acidosis  was  observed  in  Experiment  48  after 
fc^c  injection  of  acid,  in  agreement  with  the  results  of  the  alveolar 
^Oj  and  oxyhemoglobin  dissociation  methods.  After  shaking 
•Vit  the  CO2,  the  Ph  was  7.40  instead  of  the  normal  value  of  7.65. 
^^x^en  the  blood  dialyzed  directly  showed  an  appreciable  increase 
>^  hydrogen  ion  concentration. 

Experiments  52  and  53  show  the  constancy  of  results  obtained 
^^th  animals  not  developing  tetany  after  an  operation. 

We  may  conclude  from  the  results  of  this  investigation  that, 
after  parathyroidectomy,  there  may  occur  a  disturbance  in  the 
**iion-volatile"  acid-base  relationship  in  the  body  and  a  condi- 
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tion  of  alkalosis  result.  The  alkalosis  may  be  neutralized  during 
the  tetany  periods  which  develop.  After  acute  attacks  an  acidosis 
often  results,  probably  due  to  the  formation  of  large  amounts  of 
lactic  acid  during  the  period  of  extreme  muscular  activity.  Tlic 
alkalosis  may  again  develop  so  that  periodic  variations  in  the  aci<i- 
base  equilibrium  may  accompany  the  periodic  attacks  of  tetarmy- 

As  mild  tetany  seems  to  be  as  eflScient  in  counteracting  an  all^^- 
losis  in  some  dogs  as  severe  tetany  does  in  others,  and  as  the  severity 
of  the  tetany  bears  no  apparent  relationship  to  the  degree  of 
alkalosis  observed,  it  would  appear  that  other  agencies  within  tlic 
body  are  also  active  in  combating  the  pathological  condition. 

Whether  the  alkalosis  condition  is  in  any  way  the  cause  for 
the  tetany  can  hardly  be  answered  definitely  from  the  data 
hand.    The  value  of  K  can  apparently  tell  us  nothing  as  to  tto^ 
type  of  tetany  to  expect,  for  the  blood  from  Dog  39  showed  ^ 
very  high  value  of  K  followed  by  mild  tremors  and  spontaneous 
recovery;  while  in  Experiment  43  the  observed  value  was  b'^J^'^ 
little  above  normal  though  the  tetany  later  in  the  day  was  extren»-«- 
In  Experiment  49,  an  extreme  attack  of  tetany  was  apparent- 
brought  on  by  excitement  though  the  value  of  K  was  sUghtly  belc^ 
normal.    In  Experiment  48,  no  high  value  was  observed  thou^^^ 
no  observations  were  made  before  the  first  acute  attack  when  tfc^^ 
largest  variation  might  be  expected. 

But  the  data  are  incomplete  and  until  more  frequent  obsenr-^^"" 
tions  establish  the  maximum  variations  such  considerations  a  r*"^ 
of  little  value.  The  variability  in  the  development  of  tetany  aEr»^ 
the  rapidity  with  which  the  acute  attacks  sometimes  appes 
render  it  diflScult  to  carry  out  complete  experiments.  The  do^ 
were  often  found  in  tetany  in  the  morning  and,  at  times,  handlirr^^ 
seemed  to  stimulate  the  onset  of  the  attacks. 

It  is  apparent,  however,  that  when  the  value  of  K  is  higl^*^ 
tetany  tends  to  lower  it  and  relief  from  tetany  is  associated  wi^^* 
the  fall.  An  acidosis  condition  seems  to  be  most  favorable  foi^  ^ 
partial  or  complete  relief  from  tetany.  The  gross  symptoms  m^^*^^ 
completely  disappear  during  the  acidosis  periods  following  acu 
attacks.  Artificial  acidosis  produced  by  the  injection  of  ac^^^ 
and  an  apparently  similar  condition  brought  about  by  the  inje 
tion  of  calcium  salts  are  likewise  important  in  causing  relief  frorr^^ 
tetanj'. 
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SUMliiARY. 

fter  parathyroidectomy,  a  condition  of  alkalosis  may  develop 
3h  is  neutralized  by  acid  products  formed  by  the  muscular 
vity  incident  to  tetany.  An  acidosis  condition  may  result 
r  periods  of  acute  tetany.  Periodic*  variations  in  the  "non- 
,tile"  acid-base  equilibrium  seem  to  accompany  the  periodic 
.cks. 

he  acidosis  condition  resulting  from  acute  tetany  or  the 
etion  of  acid  is  associated  with  relief  from  tetany, 
alcium  salts,  when  injected  into  animals  in  tetany,  lower  the 
le  of  the  dissociation  constant  of  oxyhemoglobin  and  the 
jolar  CO2  pressure,  an  effect  similar  to  that  brought  about 
the  introduction  of  acids. 

Tie  above  conclusions  were  reached  from  a  study  of  the  varia- 
18  of  the  values  of  the  dissociation  constant  of  oxyhemoglobin, 
alveolar  CO2  pressure,  and  the  hydrogen  ion  concentration 
he  blood  from  dogs  subjected  to  parathyroidectomy. 
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TABLE  I. 

Experiment  S7.   Female  Bull  Dog,    Weight  11  Kg.   Last  Fed 
Lower  Third  of  One  Thyroid  Retained. 


Date. 

Time. 

Oi  pree- 
surc. 

Satura- 
tion. 

K  X  10« 

Alvc- 
ohir 
C(  )j 
pres- 
sure 

Mar. 

mm. 

per  ctnt 

mm. 

5 

9.4o  a.m. 

29.4 

75 

6 

4.00  p.m. 

26.9 

70 

6 

45 

6 

10.00  a.m. 

44 

Operation  11.00  a. 

lar  COa  pressui 

45. 

7 

iu.uu  a.m. 

A'X 
4o 

5.30    p.m.  alveo 

pressure  43  mi 

ering. 

8 

9.45  a.m. 

12.8 

70 

40 

Very    quiet,  ve 

tremors. 

10.30  a.m. 

44 

Appears  sick,  v< 

tremors. 

ture  38.4^ 

12.30  p.m. 

48* 

Marked  tremors, 

tion  normal. 

12.40  p.m. 

57* 

Occasional  pant 

starting,  tetan; 

ing  acute,  ten 

39^ 

12.50  p.m. 

50 

Extreme  tetany, 

salivation,  ten 

40^ 

1.00  p.m. 

17.8 

76 

24 

Extreme  tetany. 

1.50  p.m. 

40 

Tetany    less  aci 

weak,  respirat 

temperature  41 

2.30  p.m. 

37.1 

77 

4 

Weak,  depressed 

dead  at  4.00  p.r 

*Ono  determination  only. 


TABLE  II. 

Experiment  49.  Young  Male  Cur.    Weight  9  Kg.   Lower  Poles  of  Each 
Thyroid  Retained. 


Date. 

Time. 

Ot  pree- 
8ure. 

Satura- 
tion. 

X  X  10* 

Alve- 
olar 
COt 
pres- 

\fflV 

3 

10.45  a.m. 

17.9 

75 

22 

Operation  11.00  a.m. 

4 

10.15  a.m. 

16.7 

81 

37 

56 

Fine  tremors. 

12.10  p.m. 

17.1 

79 

31 

Fine  tremors. 

5.15  p.m. 

18.6 

73 

18 

43* 

Slight   tremors.  Mild 

44* 

acute  tetany  apparently 

48* 

brought  on  by  excite- 

53* 

ment.   Panting  and  tre- 

mors. 

5.55  p.m. 

55* 

6.10  p.m. 

19.2 

74 

17 

5 

1.10  p.m. 

15.9 

59 

14 

9.00-11.00  a.m.  violent  te- 

tany.    P.m.   mild  tre- 

mors. 

6 

2.30  p.m. 

49 

General  tremors.    1  gm. 

PICl  per  08  a.m. 

*  One  determination  only. 


TABLE  III. 

Experiment  4S.  Female  Bull  Dog.    Weight  9  Kg.  Complete 
Thyroparathyroidectomy. 


1 

Alve- 

! Time. 

0*  pree- 
Bure. 

Satura- 
tion. 

KXIO* 

olar 
CDs 
pres- 
sure. 

mm. 

per  cent 

mm. 

17 

9.25  a.m. 

36.9 

80 

5 

19 

10.10  a.m. 

36.3 

77 

4 

48 

Operation  10.30. 

20 

9.00  a.m. 

48 

Few  faint  tremors,  quiet. 
Respiration  20,  tempera- 
ture  38.6°,    pulse  135. 
9.30  tremors  increased. 

10.30  a.m. 

26.6 

79 

10 

45 

Acute  tetany  just  started, 
panting  barely  begun. 

2.25  p.m. 

69.4 

77 

0.8 

Prostration. 

6.00  p.m. 

41 

Prostration,  weak,  no  tre- 

2l 

mors,  temperature  36.5°. 

10.30  a.m. 

16.2 

59 

13 

40 

Apathetic,  weak.  5.30  p.m . 

22 

same,  temperature  37.5°. 

11.00  a.m. 

16.2 

71 

23 

39 

Bright,  no  tremors. 

23 

6.00  p.m. 

44 

Marked  tremors. 

9.30  a.m. 

44 

Marked  tremors.   0.5  gin. 

HCl  per  08. 

Sacrificed. 

Ill 
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TABLE  IV. 

Experiment  48.   Female  Collie.    Weight  16  Kg.   Lower  Pole  of  L 

Retained. 


Alve- 

Date. 

Time. 

Oi  pres- 
sure. 

Satura- 
tion. 

COi 
pres- 
sure 

Apr. 

mm. 

per  cent 

mm. 

28 

11.00  a.m. 

22.9 

75 

12 

45 

Operation  2.30  i 

29 

10.30  a.m. 
5.00  p.m. 

41 
42 

Fine  tremors. 

tion  33,  pulse 
Fine  tremors,  s. 

ing.  Temper 

30 

9.00  a.m. 

46 

Severe  tetany, 
panting.  Ti 
40.7^ 

10.00  a.m. 

33.7 

80 

6 

44 

Attack  subsidin 

3.30  p.m. 

18.6 

61 

10 

40 

Slight  tremors, 

6.20  p.m. 

18.6 

51 

7 

50 

Acute  attack 
brought 
citcment. 

May 

1 

9.45  a.m. 

18.7 

58 

9 

43 

Acute  tetany, 
injected  125  c( 
cent  HCl  in  C 
NaCl  solution 

11.00  a.m. 

19.2 

44 

5 

36 

Very  faint  trem 

3 

33 

No  tremors  May 
by  mouth  1  g 
300  cc.  water 

Mild  tetany  or 
feeding  meat 
fair  condition 
gestion.  A 
bread  and  i 
sionally. 

12 

3.00  p.m. 

11.3 

43 

17 

Mild  tetany.  St 
ingestion  on 
tetany  until  1' 
dead  on  24th. 

TABLE  V. 

Experiment  40,  Female  Dog.   Weight  11  Kg.   Lower  Third  of  Left 
Thyroid  Retained. 


Time. 

Ot  pres- 
sure. 

tion. 

Alve- 
olar 
COi 
pres- 
sure. 

Mar. 

mm. 

percent 

mm. 

13 

9.35  a.m. 

31.8 

84 

9 

47 

Operation  10.30. 

14 

9.00  a.m. 

47 

No  tremors. 

2.45  p.m. 

59* 

Mild  tremors,  respiration 

rapid  and  slightly  la- 

bored.  No  panting. 

3.15  p.m. 

55 

Mild  tetany. 

3.45  p.m. 

55 

Mild  tetany. 

4.15  p.m. 

55 

Mild  tetany. 

5.12  p.m. 

53 

Mild  tetany.  Tempera- 

ture 39.5®,  respiration  64. 

10.00  p.m. 

61 

Mild  tetany. 

10.30  p.m. 

56 

Mild  tetany,  general  tre- 

mors,  labored  respira- 

tion 36. 

15 

9.30  a.m. 

29.8 

79 

8 

49 

Prostration.  General  mild 

tremors.     Died  about 

noon. 

*One  determination  only. 


TABLE  VI. 

Exp^iment  4S.   Male  Dog.    Weight  11  Kg.   Eck  Fistula  Established  April  S. 
On  Bread  and  Milk  Diet  until  This  Experiment  Started.  In 
Good  Condition.   Lower  Pole  of  Right  Thyroid  Retained. 


Dat«. 

Time. 

0«  pres- 
sure. 

Satura- 
tion. 

K  X  10* 

May 

mm. 

percent 

11 

10.35  a.m. 

19.4 

69 

13 

Operation  11.00  a.m. 

12 

9.40  a.m. 

17.4 

66 

15 

Shivering,  restless.  Defibrinated 

blood. 

9.50  a.m. 

20.1 

70 

13 

3.50  p.m. 

11.8 

55 

25 

Some  contractions  but  no  definite 

tremors. 

13 

11.25  a.m. 

12.9 

61 

26 

Some  contractions  but  no  definite 

tremors.   Defibrinated  blood. 

12.10  p.m. 

11.3 

32 

11 

Some  contractions  but  no  definite 

14 

tremors. 

10.05  a.m. 

13.1 

71 

39 

Occasional  mild  tremors.  Defib- 

rinated blood. 

4.00  p.m. 

20.5 

67 

11 

15 

9.50  a.m. 

19.0 

69 

14 

Mild  acute  tetany. 

^^d  until  the  26th  showing  occasional  periods  of  mild  tremors.  Fed 
the  17th. 
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TABLE  Vn. 

Experiment  99,  Female  Dog.   Weight  10  Kg,   Posterior  Ha\ 
Left  Thyroid  Retained. 


Date. 

Time. 

Oi  pree- 
suxe. 

Satura- 
tion. 

Alve- 
olar 
COi 
pres- 
sure 

Mar. 

mm. 

•per  cent 

mm. 

10 

1.15  p.m. 

23.2 

69 

9 

46 

Operation  4.00  p.ir 

11 

5.50  p.m. 

22.0 

75 

13 

46 

12 

10.00  a.m. 

13.7 

78 

51 

49 

Shivering. 

11.40  a.m. 

23.0 

85 

22 

49 

Mild  tremors. 

1.40  p.m. 

28.0 

80 

9 

47 

Mild  tremors. 

13 

12.00  m. 

24.8 

83 

16 

48 

Mild  tremors.  5.2 

lar  COi48mm. 

14 

No  tremors. 

15 

11.30  a.m. 

25.2 

83 

15 

4.00  p.m.  removed 

ing  thyroid  tissi 

16 

11.00  a.m. 

42 

Mild  fine  tremors. 

5^5.30  p.m. 

46 

Tremors.  Occa 

panting  period. 

150,  temperature 

6.00  p.m. 

46 

Acute   tetany.  ( 

ous  mild  pantin 

piration  200,  1 

ture  38.5''. 

6.40  p.m. 

50 

Acute  tetany. 

7.40  p.m. 

49 

Acute  tetany.  Ret 

240,  temperaturi 

8.30  p.m. 

45 

Tetany  less  acute 

alveolar  COa  san: 

perature  39.9**. 

10.15  p.m. 

45 

Apathetic,  weak. 

tremors.  Respir 

pulse  65. 

17 

9.25  a.m. 

28.7 

89 

18 

50 

Marked  tremors. 

10-11  a.m. 

50-51 

Acute  tetany.  In; 

cc.  5  per  cent  Ca 

tion  11.00  a.m. 

11.30  a.m. 

48 

Tetany  less  but  sti 

ed.    12.35  p.m. 

8  cc.  CaCU  soluti 

1.45  p.m. 

30.4 

86 

12 

37 

Depressed,  no 

Respiration  30,  t 

ture  37^. 

6.25  p.m. 

44 

Fine  tremors. 

f 
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TABLE  VU-Continued. 


r>ate. 

Time. 

Ot  pree- 
Bure. 

Satura- 
tion. 

Alve- 
olar 
COt 
prea- 
Bure. 

-Mar. 

mm. 

per  cent 

mm. 

18 

11.00  a.m. 

48 

Moderate     tremors.  4.00 

p.m .  alveolar  COi  45  mm . 

lO 

9.00  a.m. 

48 

Mild  tremors.  Depressed. 

Injected  5  cc.  CaClj  solu- 

tion 10.00  a.m. 

10.40  a.m. 

43 

5.00  p.m.  alveolar  COj  41 

mm. 

20 

9.00  a.m. 

44 

Mild  tremors,  depressed, 

weak. 

4.00  p.m. 

46 

11 

12.26  p.m. 

34.8 

65 

2.6 

COi  49  mm.  alveolar  COi 

46  mm. 

17 

10.55  a.m. 

27.0 

48 

2.4 

CO  J  38  mm.  alveolar  COi 

50  mm. 
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TABLE  VUL 


Experiment  4^.  Young  Female  Bull  Dog,    Weight  9  Kg.   Last  Fed 
Posterior  Third  of  Left  Thyroid  Retained. 


Alve- 

Date. 

Time. 

Os  pres- 
sure. 

Satura- 
tion. 

A-x  10* 

olar 
COt 
pres- 
sure. 

Mar. 

mm. 

per  cent 

mm. 

22 

9.30  a.m. 

45 

23 

10.15  a.m. 

30.9 

75 

6 

Operation  10.30  a 
p.m.  alveolar  C 

24 

10.55  a.m. 

23.4 

83 

18 

44 

Quiet,  no  tremors 

2.25  p.m. 

25.1 

80 

12 

43 

Alveolar  COj  5.3( 
8.00  p.m.  48,  1 
45  mm. 

25 

12.00  m. 

25.3 

67 

6 

47 

Fine  general  tren 
veolar  COj  5.3< 
mm. 

26 

9.25  a.m. 

22.1 

79 

16 

47 

Fine  general 
Bright.  Pulse 
pi  rati  on  16,  ter 
38.5**. 

4.00  p.m. 

27.6 

79 

9 

46 

Fine  general  treu 

27 

9.45  a.m. 

28.2 

88 

17 

50 

Tremors  more  pre 
Respiration  56 
pulse  100.  Alv 
10.00  a.m.  51,  1 
51  mm. 

1.50  p.m. 

23.0 

81 

17 

5.30  p.m.  Respii 
pulse  128,  alve 
52.   6.00  p.m.  I 

7.35  p.m. 

17.3 

80 

32 

54 

Injected  11  cc.  5 
CaCls  solution, 
9  cc.  Alveolar 
p.m.  53  mm.  pi 

8.45  p.m. 

17.3 

64 

14 

47 

Respiration  28, 
regular  60.  Tre 

10.57  p.m. 

18.1 

65 

13 

48 

28 

10.00  a.m. 

41 

Respiration  11,  pi; 

12.30  p.m. 

18.8 

61 

10 

Mild  general  trem 
p.m.  alveolar 
mm. 
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TABLE  Vlll— Continued. 


D&te. 

Time. 

Oi  pree- 
Bure. 

Satura- 
tion. 

KXIO* 

Alve- 
olar 
COi 

sure. 

Mar. 

mm. 

per  cent 

mm. 

29 

11.45  a.m. 

17.3 

71 

20 

47 

Tremors.  Temperature 

38^ 

30 

8.45  a.m. 

Tremors,    quiet,  panting 

started  at  9.00  a.m. 

9.15  a.m. 

60* 

Severe  tetany,  stiff,  rest- 

less, salivation,  temper- 

ature 41.5^,  respiration 

195. 

9.20  a.m. 

57* 

10.27  a.m. 

53* 

Pulse    144,  temperature 

43.4^  respiration  80. 

10.35  a.m. 

49* 

10.40  a.m.  alveolar  COj  44* 

mm.    Died  11.00  a.m. 

26 

2.00  p.m. 

22.9 

32 

1.9 

COj  47  mm.  alveolar  COj 

46  mm. 

27 

11.50  a.m. 

15.8 

24 

3.1 

CO2  58  mm.  alveolar  COa 

51  mm. 

*C>ne  determination  only. 
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TABLE  IX. 


Experiment  66.   Male  Terrier.   Lower  Lobes  of  Thyroids  Remo 
All  Visible  Parathyroids  Retained. 


Date. 

Time. 

Oi  pres- 
sure. 

Satura- 
tion. 

June 
3 
7 
8 
9 

4.00  p.m. 
9.45  a.m. 
2.00  p.m. 
2.15  p.m. 

mm. 
15.7 
17.9 
16.2 
33.7 

per  cent 
48 
55 
57 
86 

9 
9 
12 
9 

Operation. 

Experiment  46.  Male  Cur.   Last  Fed  April  29.  Fasted. 

May 
5 
8 
11 

10.45  a.m. 
11.00  a.m. 
2.20  p.m. 

16.2 
19.6 
24.5 

54 
68 
79 

11 
12 
13 

Experiment  6S.  Young  Male  Terrier.    Weight  8.6  Kg.  Hyper  thy 
Removed  Four  Parathyroids  (All  That  Were  Visible). 


May 

31 

9.45  a.m. 

17.4 

60 

12 

11.35  a.m. 

16.1 

63 

16 

Operation  3  p.m. 

June 

1 

2.00  p.m. 

17.5 

58 

11 

No  tremors.  Lively. 

2 

9.45  a.m. 

15.8 

62 

16 

11.50  a.m. 

15.9 

58 

14 

it         it  tt 

3 

2.10  p.m. 

18.4 

60 

10 

Experiment  51.  Male  Cur.   Left  Thyroid  and  Lower  Pole  of  R 
Thyroid  Removed.    One  Visible  Parathyroid  Retained. 


May 

18 

10.15  a.m. 

23.9 

71 

9 

Operation  2.30  p.m. 

19 

9.28  a.m. 

18.9 

69 

14 

No  tremors. 

3.30  p.m. 

19.0 

70 

15 

No  tremors. 

20 

10.45  a.m. 

18.7 

63 

11 

No  tremors.   Nose  infect 

21 

10.55  a.m. 

14.5 

56 

16 

Developed  distemper.  I 
25th.   Middle  lobe  of  c 
consolidated. 
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TABLE  X. 

Exj>^riment  SI,  Female  Bull  Dog,   Weight  8  Kg,   Operation  Feb,  IB, 
Lower  Pole  of  Left  Thyroid  Retained, 


Dato. 


Feb. 
16 


17 


18 


Time. 

Alve- 
olar 
COi 
pres- 
sure. 

mm. 

10.45  a.m. 

47 

Very  faint  tremors. 

12.00  m. 

49 

4.20  p.m. 

51 

Faint  general  tremors.   Sleepy.  Respiration 

deep  and  slow.   Temperature  40®. 

4.45  p.m. 

53* 

Tremors   more   marked.   Respiration  more 

rapid,  33.  Restless. 

5.00  p.m. 

56* 

Tremors     increasing.   Occasional  panting. 

Restless. 

5.20  p.m. 

56* 

Panting  more  frequently. 

5.35  p.m. 

53 

Panting  continuous.   Respiration  260.  Rest* 

less,  stiff.   Extreme  tetany.  Temperature 

40.6^ 

6.00  p.m. 

53 

Tetany  less  acute.   Respiration  80.  Tem- 

perature 40.1°. 

8.30  p.m. 

53 

Faint  tremors.   Muscles  in  tone.  Respiration 

slow  and  labored.   Temperature  39.2**. 

9.30  a.m. 

43 

Mild  tremors.   1.30  p.m.  acute  tetany,  in- 

jected 38  cc.  0.5  per  cent  HCl  in  water. 

5.30  p.m. 

34 

No  tremors.   11.30  p.m.  no  tremors. 

9.45  a.m. 

46 

Fine  tremors.   Temperature  39.8**. 

11.15  a.m. 

48 

Acute  tetany.   Temperature  40.3**. 

3.00  p.m. 

38 

After  the  attack.  Depressed. 

5.00  p.m. 

44 

Mild  tremors.   6.00  p.m.  alveolar  COj  44  mm. 

*  One  determination  only. 
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TABLE  XI. 

The  Ph  of  the  Blood  from  Normal  and  Parathyroxdectomized  Ami 

Experiment  64.  Male  Terrier.   Weight  10  Kg.   Four  Parathyroi 

Removed. 


Date. 

Pg  direct. 

after  shaking. 

May 

31 

7.35 

7.60 

Operation. 

June 

1 

7.35 

7.70 

2 

7.40 

7.70 

2 .00  p  .m .   Faint  tremors . 

3 

7.40 

7.70 

9.30  a.m.   Faint  tremors. 

3 

7.35-h 

7.75 

5.00  p.m.   Considerable  tr< 

4 

7.35 

7.70 

Few  mild  tremors. 

5 

7.65 

Chronic  tetany. 

Experiment  66.  Male  Cur.   Weight  5.2  Kg. 

June 

1 

7.40 

7.75 

Operation. 

2 

7.35+ 

7.80+ 

Mild  occasional  tremors. 

3 

7.35 

7.70 

No  tremors.   Depressed.  ' 

during  night. 

4 

7.35 

7.70+ 

No  tremors.  Depressed. 

Experiment  49.  Male  Cur.    Lower  Poles  of  Each  Thyroid  Retaim 

May 

3 

7.40 

7.70 

Operation. 

4 

7.40 

7.80 

9.30  a.m. 

5 

7.35 

7.70 

3.00  p.m.    Acute  tetany 

11.00  a.m. 

Experiment  46.  Eck  Fistula  Dog.   Lower  Pole  of  Right  Thyroid  Rcta 

May 

11 

7.35 

7.65 

Operation. 

13 

7.40+ 

8.00 

Defib.*8.10.  9.00a.m.  N0I 

14 

Defib.  7.80  in  a.m. 

14 

4.00  p.m.   Defib.  8.00.  Ton 

15 

7.35 

7.90 

Ton.  7.90.   Tetany  marked 

25 

7.40 

7.65- 

Chronic  tetany. 

♦Defib.  =  defibrinated  blood  used.   Ton.  =  blood  from  tonomete: 
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TABLE  Xl--Continuei. 
^-xrjieriment  4S.  Female  Collie,   Lower  Pole  of  Left  Thyroid  Retained, 


IDate. 

P„  direct. 

after  shakiiic. 

29 

7.30 

7.65 

Operation  Apr.  28. 

ZVIay 

1 

7.20 

7.40 

Ton.  7.40.   After  acid  injection. 

3 

7.20- 

7.40 

No  tremors.   Acid  by  mouth. 

Experiment  52.  Male  Bull  Dog. 

21 

7.30 

7.70 

Operation,  nothing  removed. 

28 

7.65 

Experiment  63.  Four  Parathyroids  Removed. 

ZVIay 

31 

7.35 

7.75 

Tpn.  7.80.  Operation. 

J  une 

1 

7.35 

7.75 

No  tetany  developed. 

2 

7.35 

7.70 

June  3.   Ton.  7.75. 

B  EXCRETION  OF  ACIDS  AND  AMMONIA  AFTER 
PARATHYROIDECTOMY. 


By  D.  WRIGHT  WILSON,  THORNTON  STEARNS,  and 
J.  H.  JANNEY,  Jr. 

the  Laboratory  of  Physiological  Chemistry  and  the  Hunterian  Labora- 
jf  Experimental  Pathology y  Johns  Hopkins  University,  Baltimore.) 

(Received  for  publication,  August  25,  1915.) 

nerous  observations  have  been  made  on  the  urine  of  dogs 
parathyroidectomy  which  suggest  that  a  state  of  acidosis 
Acetoacetic  and  lactic  acids  have  sometimes  been  found, 
phenomena,  however,  fail  to  support  that  view  and  may  even 
re  easily  explained  on  the  assumption  that  there  is  a  relative 
of  alkali  in  the  body,  an  alkalosis.  That  both  conditions 
)ccur  at  different  periods  in  the  course  of  tetany  seems 
Die. 

have  shown  in  a  previous  communication^  that  acids,  when 
istered  to  dogs  in  parathyroid  tetany,  relieve  the  symptoms, 
tive  excess  of  alkali  (neglecting  CO2)  in  the  blood  at  certain 
s  after  parathyroidectomy  is  indicated  by  the  values  of  the 
iation  constant  of  oxj^hemoglobin,  alveolar  CO2  pressure,  and 
drogen  ion  concentration  of  the  blood.^  These  studies  make 
ear  that  the  alkalosis  is  primary,  and  that  the  acidosis  de- 
only  secondarily  during  the  attacks  of  tetany  and  may  give 
to  another  alkalosis  period  unless  the  tetany  is  suflScient 
ntain  it.  In  the  present  paper  data  are  presented  concern- 
3  ammonia  and  acid  excretion  and  the  hydrogen  ion  concen- 
1  of  the  urine  which  may  furnish  additional  details  concem- 
e  variations  taking  place  within  the  body. 

Ison,  D.  W.,  Stearns,  T.,  and  Janney,  J.  H.,  Jr.,  Jour.  Biol.  Chem.^ 
d,  169. 

!  paper  just  preceding  this. 
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Dogs  were  placed  in  metabolism  cages  and  the  urine  was  — 
lected  in  two*  periods  daily  by  catheterization,  extreme  care  bei"* 
taken  to  guard  against  cystitis.  A  sterile  catheter  and  vagit»--^ 
dilator  were  used  after  thoroughly  washing  the  external  surface- 
and  the  vagina  with  warm  sterile  water  or  very  dilute  bichlori- 
solution.  No  food  was  given  the  animals  after  the  operatioi 
This  procedure  may  have  diminished  the  variations  in  our  findin. , 
on  account  of  the  tendency  toward  acidosis  by  fasting  and  the  le 
favorable  condition  for  tetany  development.  After  a  suital^i^ 
fore-period,  the  parathyroids  were  removed  with  varying  amoun.  ^fcs 
of  thyroid  tissue  and  the  animals  kept  under  observation.  Wat-'^e^^ 
was  usually  given  by  stomach  sound  twice  daily. 

The  following  methods  were  used:  total  nitrogen,  KjeldalmJ-  J 
ammonia,  Folin;  acid  excretion,  Henderson  and  Adler.*   On  a^^^"" 
count  of  the  pigment  in  the  urine  which  was  apparent  even  aft«^^^ 
the  dilution  of  10  cc.  of  urine  to  200  cc,  a  second  flask  of  dilut^^ 
urine  was  placed  behind  the  standard  and  a  flask  of  distiller 
water  behind  that  in  which  the  titration  was  carried  out.    In  th— ^  - 
way,  color  comparisons  were  much  more  exact,  especially  where  th 
urine  volume  varied  considerably.    The  hydrogen  ion  concentr 
tion  of  the  urine  was  determined  by  Henderson's  method.^  Ir 
stead  of  making  color  comparisons  in  250  cc.  flasks,  test-tubes 
uniform  bore  were  used.    2  cc.  of  urine  were  introduced,  20  cf 
of  water  and  a  drop  of  sodium  alizarine  sulphonate  solution  addecrr^^ 
After  thorough  mixing,  the  color  was  compared  with  a  standar^"^ 
phosphate  solution  containing  the  same  amount  of  indicator.    ^  - 
test-tube  containing  diluted  urine  was  placed  behind  the  standar  ' 
as  described  above.    If  the  urine  had  a  P„  of  7.0  or  greate^^ 
phenolsulphonephthalein  was  used  as  the  indicator. 

Experiments  were  carried  out  on  six  dogs  from  which  the  para^ 
thyroid  glands  were  removed  together  with  most  of  the  thyroi-  - 

•  Short  periods  were  used  on  account  of  the  rapid  changes  known  tr^ 
occur  in  the  animals  as  tetany  develops.  The  animals  were  catheterize  -= 
at  9.00  a.m.  and  6.00  p.m.  daily. 

*  Henderson,  L.  J.,  and  Adler,  H.  M.,  Jour.  Biol.  Chem.y  1909,  vi,  fir 
xxxviii.  Sec  also  Adler,  H.  M.,  and  Blake,  G.,  Arch.  Int.  Med.j  1911,  vi- 
479. 

•Henderson,  L.  J.,  Jour.  Biol.  Chem.y  1911,  ix,  403.    Henderson,  C 
J.,  and  Palmer,  W.  W.,  ibid,  1912-13,  xiii,  393. 
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tdssue.  The  lower  pole  of  one  thyroid  was  left  intact  in  all  ex- 
p>«riments  except  No.  43  which  was  a  complete  thyroparathy- 
ix>iciectomy.  In  three  experiments,  Nos.  37,  40,  and  43,  the  ani- 
mals quickly  developed  acute  characteristic  tetany.  Dog  42 
developed  tetany  which  did  not  become  acute  for  several  day^. 
Dog  39  apparently  made  a  spontaneous  recovery  after  showing 
mild  symptoms  of  parathyroid  insufficiency.  A  second  operation 
was  performed  at  which  the  remaining  thyroid  tissue  was  removed 
and  acute  tetany  soon  developed.  Dog  48  exhibited  rather  un- 
usual symptoms.  She  was  often  observed  lying  in  the  cage  with 
tremors  hardly  perceptible  but  panting  and  restless,  with  legs 
somewhat  tense,  and  apparently  suffering  from  a  moderately 
acute  attack  of  tetany.  The  lack  of  severe  tremors  was  noticeable 
during  most  of  the  experiment. 

The  data  obtained  from  the  examination  of  the  urine  may  be 
found  in  Tables  I-VI.  As  the  urine  was  collected  twice  daily 
in  periods  of  unequal  duration,  the  data  depending  on  volume  are 
calculated  and  recorded  in  terms  of  the  average  hourly  excretion 
i  n  order  that  the  figures  may  be  directly  comparable. 

ZJrine  Volume, — The  urine  volumes  may  not  be  strictly  compar- 
able as  the  water  intake  may  have  varied  because  water  was 
always  available  for  these  animals.  The  portion  given  by  stomach 
®oiand  was  undoubtedly  all  that  was  taken  during  some  periods. 
Tli^e  urine  volumes  were  usually  low  at  or  before  the  beginning  of 
"^•^tiany  and  increased  as  the  tetany  progressed.  High  volumes 
"^'ore  maintained  throughout  Experiment  48  but  maximum  values 
^<^ourred  after  the  acute  tetany  and  acid  injection.  The  specific 
S**avitie8  showed  no  very  characteristic  variations. 

Votal  Nitrogen, — ^The  average  hourly  excretion  of  total  nitrogen 
-^^U  gradually  after  feeding  was  discontinued  but  rose  as  tetany 
^^^eloped.    The  output  was  considerably  increased  in  the  periods 
^^t;cr  the  acute  attacks.   This  increase  cannot  be  attributed  to  the 
in  the  ammonia  elimination  only,  for  the  maximum  values  are 
^ot;  associated  with  comparable  increases  in  the  percentage  am- 
^trxonia  outputs. 

Hydrogen  Ion  Concentration, — The  hydrogen  ion  concentration 
the  urines  decreased  after  the  operations  in  all  of  the  experi- 
tneiits  except  No.  48.    In  this  experiment,  the  urine  was  more 
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acid  than  is  usually  observed  in  dogs.^  The  normal  value  of  IS^Mi 
during  the  feeding  period  was  6.0.  The  urine  became  more  ac^i<^ 
after  the  operation,  reaching  a  maximum  (Ph  =  5.4)  after  seve:***' 
days  of  acid  ingestion.  The  other  experiments  seem  to  illustr^^^^ 
the  characteristic  variations.  The  average  of  the  urine  c^^^^' 
tained  from  the  fasting  dogs  in  our  experiments  was  6.4.  So^^^" 

tions  of  this  P„  are  acid  to  litmus.    In  Experiment  40,  the  uri  

became  quite  strongly  alkaline  (Ph  =  8.2  +)  in  the  period  aft^Bfc^^ 
the  operation.    A  similar  change  was  observed  in  Experiment  —  ^2 
(Ph  =  7.8)  after  the  operation.   These  alkaline  urines  may  harcBczdIy 
be  attributed  to  fermentation  or  excessive  ammonia  eliminati^^  on 
for  their  content  of  ammonia  was  unusually  low.    The  urin — -ine 
from  Dog  43  became  less  acid  on  the  day  after  the  operation  ai^«nd 
was  alkaline  in  the  afternoon  (P„  =  7.9).    The  excretion  of  alk=8- 
line  urine  after  the  acute  tetany  of  the  morning  is  unique.  T^de 
increased  elimination  of  acids  characteristic  of  the  tetany  perio-^^fe 
seems  to  have  been  delayed.    The  urine  became  acid  during  tWtne 
next  day.    The  urine  from  Dog  40  was  acid  on  the  15th  when  aWme 
appeared  to  ba  recovering  from  an  acute  attack  of  tetany.  Tfcrae 
urine  in  Experiment  42  remained  very  faintly  acid  during  mo^s^ 
of  the  experiment  after  the  first  period  following  the  operatio:^*^  - 
No  very  characteristic  changes  in  the  reaction  of  the  urine  we**^^ 
observed  in  Experiment  39. 

The  urine  tends  to  become  less  acid  after  parathyroidecton^w-3' 
and  may  even  show  an  alkaUne  reaction.  An  increased  acidi«=>3'' 
results  after  tetany. 

Ammonia, — The  ammonia  excretion  fell  suddenly  after  ttzrrrB,^ 
operation  in  most  of  the  experiments  and  remained  at  a  lo  ^ 
value  until  tetany  became  manifest,  when  it  rose  abruptly.  Th"^^^ 
low  output  was  usually  associated  with  a  low  ratio  of  NH»— I^^^^^ 
to  total  N  and  the  increased  excretion  following  tetany  result^^^^ 
in  an  increased  ratio.  In  Experiment  40,  the  average  hour^^-*^ 
excretion  in  the  period  after  the  operation  was  but  one-fifth  thjsrgg*^ 
of  the  previous  period.  The  ammonia  ratio  at  this  time  was  on^^^^"^ 
1.2  per  cent.  Twenty-four  hours  later  the  ammonia  ratio  w^^^^ 
2.08  per  cent.    On  the  morning  of  the  15th,  apparently  aft^^^'' 

•  Albumin  was  found  in  the  urine  on  the  morning  of  May  1  and  in  h^^^^ 
parently  increasing  amounts  during  the  two  periods  following.  Oth^^^ 
urines  in  this  experiment  were  not  examined  for  albumin. 
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^<i\it€  tetany,  the  ammonia  excretion  showed  a  fourfold  increase 
the  ratio  to  total  N  rose  to  a  maximum  value.   Similar  varia- 
tions occurred  in  Experiment  43  although  the  ammonia  ratios 
stiowed  no  large  variations  from  the  normal  values.    The  excre- 
tiion  of  anmionia  was  unusually  high  after  several  days  of  tetany. 
Tie  low  output  following  the  operation  in  Experiment  42  was 
Accompanied  by  a  low  percentage  value.   Bather  high  relative 
absolute  values  were  observed  on  the  morning  of  the  25th  as 
tetany  became  apparent.   The  maximum  excretion  occurred  dur- 
iiiig  the  two  periods  before  death  after  a  number  of  days  of  tetany. 
T^he  ammonia  ratios  at  this  time,  11.88  per  cent  and  10.22  per 
o^nt,  were  among  the  highest  observed  in  this  work.    In  Experi- 
«xent  39,  the  output  decreased  gradually  to  a  minimum  during  the 
period  of  parathyroid  insufficiency  and  then  rose  as  recovery 
tiook  place.    The  second  operation  was  followed  by  a  moderate 
cl^crease  in  elimination  for  two  periods.   After  the  subsequent 
"^ise,  no  characteristic  variations  occurred.    Experiment  48  was 
^iKiusual  in  showing  an  almost  unbroken  rise  in  the  ammonia  out- 
^  m-it.   The  maximum  elimination  occurred  during  the  two  periods 
^n^Uowing  the  acid  injection  on  the  second  of  which  the  ammonia 
a^fc.tio  was  12.9  per  cent.    The  ammonia  excretion  fell  on  the 
a-st  two  days  even  though  1  gram  of  hydrochloric  acid  was  ad- 
inistered  daily. 

Acid  Excretion, — The  acid  excretion  ran  nearly  parallel  with 
^fc^e  ammonia  output.  In  all  of  the  experiments  reported  here 
I^ere  was  a  sudden  diminution  in  the  elimination  of  acids  during 
period  following  the  operation.  The  decreased  elimination 
■^sually  persisted  for  several  periods  and  then  rose  as  tremors  and 
^^ute  tetany  developed.  The  decreased  excretion  of  acids  re- 
■^"^ing  in  an  alkaline  urine  in  Experiment  43  after  the  acute 
^"tany  during  the  morning  of  the  20th  seems  unusual.  If  an  ex- 
of  acids  was  developed  at  that  time,  their  excretion  was 
■-^layed  for  several  hours. 

The  excretion  of  acids  as  determined  by  titration  ran  only 
*^^ghly  parallel  to  the  hydrogen  ion  concentration  of  the  urine, 
^^-^w  titration  values  were  usually  associated  with  a  decreased 
^^'drogen  ion  concentration.   They  were  never  very  large  with 
^Valine  urines  although  the  hydrogen  ion  concentration  occa- 
sionally was  quite  low.    Considerable  variation  occurred  in  Ex- 
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periment  42  when  the  Ph  remained  nearly  constant.   The  low 
titration  values  in  Experiment  48,  May  2,  p.m.  and  3,  ajm.,  in  -cn 
urines  with  high  hydrogen  ion  concentrations  suggest  that  stronger 
acids  than  monosodium  phosphate  were  being  excreted. 

Total  Acid  Excretion, — As  the  variations  in  the  excretion  of 
acids  and  ammonia  ran  quite  parallel  in  these  experiments,  the 
total  acid  excretion,  represented  by  the  sum  of  the  equivalent 
amounts  of  these  two  constituents,  showed  similar  changes.  The 
variations  observed  after  operation  ran  roughly  parallel  to  the  ^ 
urine  volume,  both  being  low  before  tetany  and  increasing  after 
tetany  developed.   Many  exceptions  are  in  evidence  however. 

The  total  acid  excretion  hardly  accounted  for  all  of  the  acid 
administered  in  Experiment  48  on  May  2,  p.m.  An  equivalent  of 
135  cc.  of  -ri  HCl  was  given  twice  daily  while  only  102  cc.  were 
excreted  during  this  period.  An  equivalent  of  153  cc.  was  elimi- 
nated during  the  following  period.  When  it  is  considered  that  an 
equivalent  of  150-250  cc.  of  acid  was  excreted  under  normal 
conditions  and  might  still  be  expected  to  be  eliminated,  the 
deficit  becomes  more  noticeable. 

The  results  of  some  of  the  experiments  reported  above  should 
be  comparable  to  data  presented  in  the  previous  paper  as  the  same 
animals  were  used  in  each.  Individual  comparisons  are  difficult, 
however,  on  account  of  the  rapid  variations  and  the  incomplete- 
ness of  the  data. 

Data  have  been  presented  which  show,  in  general,  that  after 
parathyroidectomy  there  is  a  marked  diminution  in  the  excretion 
of  acids  and  ammonia  accompanied  by  a  decrease  in  the  ratio  of  "5 
NH3— N  to  total  N,  and  in  the  hydrogen  ion  concentration  of  the  s 
urine.   After  the  development  of  tetany,  the  excretion  of  acids 

and  ammonia  increases  as  well  as  the  ammonia  ratio  and  the  hy-  

drogen  ion  concentration  of  the  urine.    Green wald,^  and  Under  

hill  and  Saiki*  have  reported  experiments  in  which  neutral  r 
alkaline  urine  was  excreted  after  parathyroidectomy  without  a^^^ 
increase  in  ammonia.    Cooke^  found  alkaline  urine  but  the  hig^i  , 
ammonia  output  and  ratio  arouse  suspicion  that  bacterial  actic^T}  j 

^  Greenwald,  I.,  Am.  Jour.  Physiol. y  1911,  xxviii,  103. 

«  Underbill,  F.  P.,  and  Saiki,  T.,  Jour.  Biol.  Chem.,  190&-09,  v,  225. 

»  Cooke,  J.  v.,  Jour.  Exper.  Med.,  1911,  xiii,  439. 
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XDay  have  occurred.  The  following  facts  may  be  considered  in 
attempting  an  explanation  for  these  variations. 

Studies  on  the  urine  in  conditions  of  acidosis  have  shown  that 
c^haracteristic  changes  occur.  Walter^®  observed  many  years  ago 
^hat  the  ammonia  output  was  increased  after  the  ingestion  of 
acids.  From  the  accumulated  data,  especially  the  newer  and 
»aore  exact  observations  of  Henderson^^  and  others,  the  charac- 
"teristic  urine  changes  in  acidosis  may  now  be  described  as  an  in- 
crrease  in  anmionia  and  its  relation  to  total  nitrogen,  increased 
s.cidity  both  as  expressed  by  titration  values  and  the  hydrogen 
ion  concentration  and  increased  phosphate  elimination  imless  the 
:i>hosphate  store  is  depleted.  The  excretion  of  ammonia,  acids, 
^nd  phosphates  may  nm  roughly  parallel  for  a  time. 

With  the  ingestion  of  alkali,  the  acidity  falls  and  the  urine  may 
become  alkaline.  A  decrease  in  the  ammonia  output  is  charac- 
'tieristic.  Janney"  was  able  to  cause  the  daily  ammonia  elimina- 
^ion  to  diminish  to  0.04  gram,  which  was  0.4  per  cent  of  the  total 
xiitrogen,  by  the  ingestion  of  sodium  bicarbonate.  These  varia- 
"fcions  in  the  excretion  of  anmionia  are  so  characteristic  that  they 
iiave  been  taken  as  antndex  of  changes  occurring  within  the  body. 
-As  a  part  of  the  mechanism  for  the  maintenance  of  neutrality 
"within  the  body,  ammonia  combines  with  a  portion  of  the  acids 
:ff"ormed  and  is  excreted.  In  acidosis,  when  an  excess  of  acids  is 
:ff"ormed,  the  ammonia  output  is  increased;  when  there  is  an  excess 
of  "fixed  alkali"  in  the  body,  as  after  excessive  ingestion  of  sodium 
fcicarbonate,  the  ammonia  elimination  is  diminished. 

These  relationships  might  possibly  be  altered  by  an  unusual 
abnormality  in  kidney  function.  Acidosis  conditions  due  to  renal 
changes  have  been  suggested  by  Henderson  and  Palmer.^'  No 
indications  of  renal  insufficiency  have  been  noted  after  parathy- 
roidectomy. We  have  found  normal  values  for  the  blood  urea 
and  the  phthalein  excretion  during  tetany  in  two  of  our  animals.^* 
Analyzed  in  accordance  with  the  observations  mentioned  above, 

Walter,  F.,  Arch.f.  ezper.  Path,  u.  Pharmakol.,  1877,  vii,  148. 
Henderson,  lac,  cii. 

Janney,  N.,  Ztschr.f,  physioL  Chem.y  1911-12,  Ixxvi,  99. 
Henderson  and  Palmer,  Jour.  Biol.  Chem.^  1915,  xxi,  37. 
'*  Blood  urea,  33  mg.  per  100  cc;  55  mg.  per  100  cc.  three  hours  after 
®®^ing  meat.   Phthalein  excretion,  70  per  cent  in  two  hours  after  several 
^^3^3  of  tetany.  ► 
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Excretion  of  Acids 


the  data  presented  in  this  paper  indicate  that  there  is  a  relative 
excess  of  "fixed  alkali"  in  the  blood,  i.e.,  an  alkalosis,  soon  after 
parathyroidectomy.  This  alkalosis  is  apparently  not  due  to 
an  excess  of  circulating  ammonia,  as  the  ammonia  excretion  is  at  a 
minimum  during  the  periods  of  decreased  acidity  of  the  urine. 
The  ratio  of  NH3— N  to  total  N  may  be  unusually  low  at  the 
same  time.  Also,  there  is  no  satisfactory  evidence  to  show  that 
the  ammonia  content  of  the  blood  is  above  normal.  The  varia- 
tions are  strikingly  similar  to  those  observed  after  the  ingestion 
of  sodium  bicarbonate. 

Greenwald*^  first  emphasized  the  fact  that  the  phosphate  ex- 
cretion in  dogs  is  decreased  during  the  first  few  days  after  para- 
thyroidectomy. There  is  apparently  an  increase  in  the  inorganic 
phosphates  of  the  blood  at  the  same  time.**  This  decreased 
elimination  of  phosphates  seems  to  run  parallel  with  our  obser- 
vations of  decreased  excretion  of  acids  and  may  well  be  interre- 
lated in  that  the  low  acid  output  may  be  due  to  a  decreased 
excretion  of  monosodium  phosphate  which  is  the  chief  acid 
constituent  of  the  urine. 

Henderson*^  has  shown  that  an  experimental  acidosis  in  rabbits 
causes  an  increased  elimination  of  phosphates  and  suggested  that 
the  excretion  of  acid  phosphate  may  be  one  of  the  means  for  re- 
moving acids  from  the  body.  This,  together  with  the  old  obser- 
vation of  Maly,*^  that  the  monobasic  phosphate  diflfuses  much 
more  rapidly  than  the  dibasic  phosphate,  may  be  reversed  to  ac- 
count for  the  retention  of  phosphates  during  the  alkalosis  period 
after  parathyroidectomy.  There  may  also  be  a  selective  retention 
to  aid  in  neutralizing  bases  in  the  body. 

The  retention  of  phosphates  may  not  be  accompanied  by  a  re- 
tention of  sodium  and  potassium  (Greenwald)  so  that  the  excre- 
tion of  these  two  bases,  with  the  increased  elimination  of  calcium^^ 
and  magnesium*^  may  account  for  the  decreased  hydrogen  ion 
concentration  of  the  urine  and  the  low  titration  values.    These  ^ 

"Greenwald,  Jour.  Biol.  Chem.,  1913,  xiv,  363. 
'«  Greenwald,  ibid.,  1913,  xiv,  369. 
Fritz,  R.,  Alsberg,  C.  L.,  and  Henderson,  L.  J.,  Am.  Jour.  Physiol,^  — 
1907,  xviii,  113. 

"  Maly,  R.,  Ztschr.f.  physiol.  Chem.,  1877-78,  i,  174. 

»»  MacCallum,  W.  G.,  and  Voegtlin,  C,  Jour.  Exper.  Med.,  1909,  xi,  llf^  S. 
"  Cooke,  ibid.,  1910,  xii,  45.  * 
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{acts  also  suggest  the  possibility  of  a  disturbance  in  the  equiUbria 
oi  the  inorganic  radicles  in  the  body. 

With  the  development  of  tetany,  the  urine  picture  changes 
quickly.  The  increased  excretion  of  acids  and  ammonia,  together 
with  high  values  of  the  ammonia  ratio,  suggests  an  acidosis.  The 
increased  acidity  is  probably  due  (in  part)  to  the  excretion  of  the 
lactic  acid  formed  in  the  muscles  during  tetany.  Cooke*^  found 
lactic  acid  in  the  urine  of  dogs  during  tetany  and  we  observed  the 
same  in  one  experiment. 

SUMMARY. 

After  parathyroidectomy  in  dogs,  there  is  usually  a  sudden 
diminution  in  the  excretion  of  acids  and  ammonia  and  a  decrease 
in  the  ammonia  ratio  and  the  hydrogen  ion  concentration  of  the 
xiiine.  With  the  development  of  tetany,  the  elimination  of  acids 
and  anmionia  increases,  accompanied  by  increased  values  of  the 
ammonia  ratio  and  the  hydrogen  ion  concentration  of  the  urine. 

These  variations  may  indicate  that  an  alkalosis  condition  re- 
sults after  parathyroidectomy  but  is  neutralized  by  the  tetany 
which  develops.  After  acute  or  chronic  tetany,  an  acidosis  may 
occur. 

TABLE  I. 

^^perimentST.   Female  Bull  Dog ,    Weight  11  Kg,   Last  Fed  Mar.  S.  Lower 
Third  of  One  Thyroid  Retained.   160  Cc.  WaUr  Given  per  Os 
Twice  Daily  after  Operation. 
Average  Hourly  Excretion. 


Operation  11.00  a.m. 


Shivering. 

Quiet.   Faint  tremors. 
12.30  p.m.  acute  tetany.   Foimd  dead  at 
4.00  p.m.   Period  calculated  as  6  hrs. 


"  Cooke,  Jour.  Exper.  Med.,  1911,  xiii,  439. 
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• 

Fine  tremors. 
Tremors  more  marked. 
Tremors.   Injected  5  cc.  CaCli 

solution.  Improvement. 
No  tremors. 

Mild  tremors.  Weak.  Ataxic. 
«        it          tt  tt 

tt        tt          tt  tt 

tt        tt          it  tt 

Constant  tremors.  Apathetic. 
Fed  milk  and  calcium  lactate. 
Died  Mar.  27. 

•6 
1 
1 

'3 
< 

cc  of  0  1  N  solution.  " 

7.68 
6.59 
7.94 

7.34 

5.16 
6.10 
6.85 
7.71 

1.99 
1.31 
3.75 

1.93 

1.45 
2.54 
2.79 
3.20 

Specific 
gravity. 

1.031 
1.042 
1.022 

1.009 

Volume. 

,iO^,-H       CO  ^»oooo 
Sioioco      o      ^  r>-  oi 

Date. 

Mar. 
18,  a.m. 

18,  p.m. 

19,  a.m. 

19,  p.m. 

20,  a.m. 

20,  p.m. 

21,  a.m. 

21,  p.m. 

22,  a.m. 
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1 

1 

1 

Fed  regular  diet. 
Fed  small  amount  of  meat. 
Operation  2.30  p.m. 
Fine  tremors. 

Mild  acute  tetany  in  a.m.  160 

cc.  water  per  os. 
Acute  tetany. 

Quiet.   Acute  attack  when  ca- 
theterized.    100    cc.  water 
per  08. 

♦Acute  tetany.   Injected  125 

cc.  0.5  per  cent  HCl  in  0.4  per 

cent  NaCl  solution. 
♦♦Faint  tremors.   0.5  gm.  HCl 

in  160  cc.  water  per  os. 
♦♦♦No  tremors.    Bright.  Acid 

as  above. 

No   tremors  until  6th.  Fed. 
Tetany  at  intervals.  Died 
on  24th. 

OOOkOO                                 00             O        O  lO'^ 

Acid.           NHi       Total  ncid. 

cc.  of  0  1  N  solution. 

6.07 
9.68 

11  .U/ 

9.99 
11.94 

11.02 
14.46 

21.48 

25.25 

26.44 

10.99 
10.37 

2.90 
6.58 

7.93 
9.63 

8.40 
10.25 

13.94 

15.10 

14.93 

8.16 
7.25 

3.17 
3.12 

Q  to 

2.06 
2.31 

2.62 
4.21 

7.54 

10.14 

11.51 

2.83 
3.12 

Z 

Total  N 

per  cent 

2.98 
3.60 

4.  la 

6.05 
7.85 

7.07 
6.00 

7.07 

6.65 

12.91 

7.10 
7.61 

Total  N. 

0.136 

0.258 

v. ZOO 

0.183 
0.171 

0.166 
0.239 

0.275 

0.318 

0.162 

0.160 
0.134 

Specific 
gravity. 

1.033 
1.030 

1.019 
1.013 

1.016 
1.030 

1.015 

1.011 

1.026 

1.017 
1.018 

Volume. 

COOCOQOO)        0)00                  CO             C»        Oi  I^O 

S'^SSdS    22          8       ^    2  23 

5 

s 

Apr. 
27 

28,  a.m. 

28,  p.m. 

29,  a.m. 

29,  p.m. 

30,  a.m. 
30,  p.m. 

May 
1,  a.m. 

1,  p.m. 

2,  a.m. 

2,  p.m. 

3,  a.m. 

ON  THE  ROLE  OF  ELECTROLYTES  IN  THE  DIFFUSION 
OF  ACID  INTO  THE  EGG  OF  FUNDULUS. 

By  JACQUES  LOEB. 
^^rom  the  Laboratories  of  the  Rockefeller  Institute  for  Medical  Research.) 
(Received  for  publication,  September  17,  1915.) 

I. 

The  experiments  of  Loeb  and  Cattell^  on  the  diffusion  of  potas- 
^^Utn  into  or  from  the  egg  of  Fundulus  have  shown  that  this  pro- 
is  influenced  by  the  anions  in  a  way  suggestive  of  the 
-^ofmeister  series  and  of  Hardy's  valency  rule.    It  was  of  inter- 
to  find  out  whether  other  cations  besides  K  showed  a  similar 
^^tavior.   The  writer  tested  the  diffusion  of  acetic  acid  into  the 
It  was  found  that  this  process  is  retarded  by  the  anions 
the  same  but  still  more  pronounced  way  than  was  true  for  the 
^flFusion  of  K;  but  that  in  addition  the  counteracting  effect  of 
cation  is  equally  marked  and  increases  also  with  increasing 
^^lency. 

The  acetic  acid  was  used  in  concentrations  of  m/500  (1  cc. 
^/  10  acetic  acid  in  50  cc.  solution).    The  criterion  for  the  toxic 
^^^  ion  of  the  acid  was  the  standstill  of  the  heart  of  the  embryo 
*^side  the  egg.    The  eggs  used  were  always  over  four  days  old. 
^oon  after  the  standstill  of  the  heart  the  embryo  and  yolk  sac 
^xxderwent  coagulation  which  betrayed  itself  by  the  white  opaque- 
^^ss.   It  was  found  that  the  time  in  which  the  hearts  stopped 
^>^a.ting  was  much  shorter  when  the  acid  was  added  to  distilled 
'^a.ter  than  when  it  was  added  to  salt  solutions.   We  will  first 
show  that  the  antagonistic  effect  of  the  salt  solution  increases, 
'^thin  certain  limits,  with  its  concentration.    Table  I  may  serve 
^  an  example.   The  acid  was  m/500  acetic  acid,  the  salt  was 
^aCl.   Ten  eggs  were  put  into  each  solution. 

^  Loeb,  J.,  Proc,  Nat.  Acad.  Sc.,  1915,  i,  473.    Loeb,  J.,  and  Cattell, 
^^cK.,  Jour.  Biol.  Chem.,  1915,  xxiii,  41. 
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TABLE  I. 


Number  of  embrycB  with  heart  beat  in  1  cc.  ii/lO  acetic  acid  in  50  cc. 

After 

HjO 

M/64 

m/32 

11/16 

11/4 

Ar«. 

4 

3 

0 

0 

4 

10 

10 

5} 

0 

0 

0 

1 

8 

10 

6i 

0 

0 

0 

0 

8 

10 

9 

0 

0 

0 

0 

3 

8 

20 

0 

0 

0 

0 

0 

0 

It  is  obvious  that  the  m/4  NaCl  retards  the  velocity  with  which 
the  embryos  are  killed  in  the  acid  more  eflSciently  than  do  the 
weaker  concentrations  of  NaCl.  Very  weak  salt  solutions  like 
m/64  or  m/32  may  possibly  be  more  harmful  than  distilled  water. 
An  analogue  to  such  a  possibility  was  found  in  the  earlier  experi- 
ments of  Loeb  and  Wasteneys  on  the  counteraction  of  the  poison- 
ous effects  of  KCl  by  NaCl.^  We  will  show  in  Table  II  that  the 
protective  action  of  salts  is  a  distinct  function  of  the  nature  and 
valency  of  the  anion.    Each  solution  contained  ten  eggs. 

TABLE  IL 


Number  of  embryos  with  heart  beat  in  1  cc.  u/lO  acetic  acid  in  50  ce. 


1 

After 

o 

i 

NaNOa 

1 

1 

u 

1 

1 

ao 

% . 

CO 

> 

oo 

1 

hr$. 

5i 

0 

9 

10 

0 

1 

10 

10 

10 

10 

7i 

0 

0 

1 

0 

0 

10 

10 

10 

10 

lOi 

0 

0 

0 

0 

0 

10 

10 

10 

10 

24 

0 

0 

0 

0 

0 

10 

10 

10 

10 

48 

8 

10 

10 

10 

96 

7 

10 

7 

10 

It  would  be  difficult  to  find  a  more  striking  demonstration  of 
the  r61e  of  the  anion  in  the  counteraction  of  the  toxic  action  of 
the  acid,  the  organic  anions  and  the  bivalent  ones  being  much 


*  Loeb,  J.,  and  Wasteneys,  H.,  Biochem.  Ztschr.,  1911,  xxxii,  155. 
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ciore  efficient  than  the  inorganic  univalent  anions  CI,  Br,  I,  and 
^Oj.  The  order  of  efficiency  from  the  weakest  to  the  strongest 
Jcit agonist  is 

I,  NO3  <  CI,  Br  <  acetate,  SO4  <  SCN,  tartrate. 

The  result  is  similar  to  the  antagonization  of  potassium  poison- 
ng,  except  that  SCN  is  much  more  active  in  this  case  than  in 
he  case  of  potassiiun. 

The  same  order  in  the  relative  efficiency  of  the  anion  was  also 
ovind  in  the  case  of  other  salts,  e.gr.,  NH4  and  Li,  as  shown  in 
"able  III. 

TABLE  III. 


Number  of  beating  hearts  in  1  cc.  m/10  acetic  acid  in  50  oc. 


^Iter 

o 
X 

d 
» 

1 

d 

eg 

% 

1 

% 

krs. 

3 

5 

9 

9 

10 

9 

8i 

0 

0 

0 

10 

8 

24  • 

0 

0 

0 

10 

5 

0 

0 

0 

9 

2 

LiCl 

LiBr 

Li  acetate 

00 

00 

00 

> 

a 

a 

5 

10 

9 

0 

10 

10 

0 

5 

2 

0 

10 

10 

24 

0 

0 

0 

0 

8 

10 

-48 

0 

0 

0 

0 

8 

2 

0 

0 

0 

0 

7 

1 

-Acetate  and  sulphate  are  again  much  more  efficient  antagonists 
acid  than  CI,  Br,  I,  and  NO3.  I  is  the  most  inefficient  of  all 
^ons.  m/8  MgS04  was  also  much  more  efficient  than  m/8  MgClj. 
^"VThile  these  results  agree  in  general  with  those  on  the  diffusion 
^  X  through  the  membrane  of  the  egg,  the  following  observations 
iffer  from  those  made  in  the  case  of  K.  We  had  seen  that 
^gClj  counteracted  the  action  of  potassium  less  than  NaCl. 
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In  the  case  of  the  prevention  of  the  action  of  the  acid  it  is  just  ie 
reverse.  The  antagonistic  action  of  the  salts  with  bivalent  cat- 
ions is  very  much  greater  than  that  with  univalent  cations.  Tlnis 
is  indicated  by  Table  IV.  Ten  eggs  with  embryos  with  beatixig 
hearts  were  put  into  each  solution. 

TABLE  IV. 


Number  of  embryos  with  beating  hearts  in  1  cc.  m/10  acetic  acid  in  50  oe. 


A  ter 

o 
(3 

6 
% 

o 

eg 

00 
> 

M/8  KCl 

6 

00 

i 

00 

ic/8  MgCIt 

5 
6 

% 

5 

CO 

> 

go 

hrt. 

4i 

0 

10 

10 

3 

4 

5 

10 

10 

10 

6 

8i 

0 

1 

2 

3 

2 

2 

8 

10 

10 

5 

24 

0 

0 

0 

0 

0 

•  0 

3 

10 

10 

0 

72 

1 

10 

10 

0 

96 

1 

10 

10 

0 

CaCl2,  SrCU,  and  to  some  extent  MgCU,  are  much  stronger 
antagonists  to  acid  than  were  the  chlorides  of  monovalent  metals. 
The  hearts  stopped  beating  in  KCl,  RbCl,  and  CsCl  more  rapidly 
than  in  LiCl  and  NaCl,  presumably  because  the  action  of  I^' 
Rb,  and  Cs  on  the  heart  beat  was  superposed  on  that  of  the  acid. 
The  difference  in  the  efficiency  of  m/8  NaCl  and  m/8  CaCIj  (»'^ 
not  be  attributed  to  the  higher  concentration  of  CI  ions  in  tb^ 
CaCU  solution  since  we  have  seen  that  the  difference  in  the  action 
of  m/8  and  m/4  NaCl  (Table  I)  is.  very  much  less  than  tb^^^ 
between  m/8  NaCl  and  m/8  CaCU. 

II. 

Loeb  and  Cattell  have  mentioned  that  the  presence  of  aci^ 
retards  the  diffusion  of  potassium  into  the  egg  of  Fundtih^' 
We  can  show  that  the  same  is  true  for  the  diffusion  of  Ca  into  tl>* 
egg.  In  a  previous  paper  we  have  shown  that  a  3/16  m 
solution  kills  the  eggs  of  Fundulus  in  a  couple  of  days  or  less.  I* 
can  easily  be  shown  that  acid  prevents  or  retards  this  effe^^** 
It  is  possible  to  use  a  comparatively  high  concentration  of  e^oi^ 
in  this  case,  since  the  CaCU  renders  the  acid  rather  harmle^- 
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500  acetic  acid  and  m/5,000  HCl  acted  best.  Bases  had  no 
3h  action.  It  is  not  advisable  to  give  figures,  since  the  writer 
■ends  to  continue  these  experiments. 

III.  THEORETICAL  REMARKS. 

[t  is  obvious  that  in  order  to  kill  the  embryo  the  acid  must  dif- 
le  through  the  membrane  of  the  egg  and  the  question  arises 
ether  the  salt  in  the  outside  solution  inhibits  or  retards  this 
Fusion;  or  whether  it  diffuses  with  the  acid  into  the  egg  and 
events  the  injurious  action  of  the  acid  upon  the  embryo  inside 
3  membrane. 

Loeb  and  Wasteneys  have  shown  that  salts  inhibit  also  the 
bion  of  acid  upon  the  adult  fish,  but  that  this  action  is  prac- 
ally  restricted  to  chlorides.'  Tartrates  or  rhodanates  are 
3  toxic  to  be  useful  for  this  purpose.  This  would  indicate  that 
our  recent  experiments  the  antagonistic  action  of  the  salt  must 
ve  consisted  in  retarding  or  preventing  the  diffusion  of  enough 
id  into  the  egg  to  injure  the  embryo,  since  we  found  SCN  and 
rtrate  very  efficient  in  the  prevention  of  acid  poisoning  of  the 
ibryo. 

In  their  earlier  experiments  on  the  inhibition  of  the  action  of 
id  on  the  fish  Loeb  and  Wasteneys  have  shown  that  in  a  pure 
id  solution  the  fish  dies  very  rapidly,  obviously  through  suffo- 
tion,  the  gills  becoming  unfit  for  respiration.  This  action  is 
libited  or  retarded  by  salts.  A  titration  of  the  acidity  of  the 
lution  showed  no  noticeable  difference  in  the  absorption  of  the 
id  in  the  presence  or  absence  of  salts.  This  seems  to  con- 
idict  our  conclusion  that  in  the  embryo  the  action  of  the  salt 
tisists  in  its  influence  on  the  diffusion  of  the  acid  through  the 
iinbrane.  But  it  is  obvious  that  the  two  cases  differ  in  this, 
%t  the  action  of  the  acid  on  the  surface  of  the  egg  membrane 
es  not  injure  the  embryo  directly,  while  the  action  on  the  sur- 
5e  is  decisive  in  the  case  of  the  gills. 

We  must  apparently  discriminate  between  the  action  of  two 
>rtions  of  the  acid,  one  combining  with  a  colloid  of  the  mem- 
tine  of  the  egg  or  cell  and  forming  a  salt,  and  the  other  portion 

»  Loeb  and  Wasteneys,  Biochem.  Ztschr.,  1911,  xxxiii,  489;  1912,  xxxix, 
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diffusing  into  the  egg  and  killing  the  embryo.  In  the  case  c 
the  adult  fish  it  is  obviously  the  first  portion  acting  on  the  sui 
face  of  the  gill  leaves  which  kills  the  fish  by  suffocation.  In  th. 
case  of  the  egg  it  is  the  second  portion  which  kills  the  embryc 
When  tartrates  or  SCN  inhibit  the  action  of  acid  on  the  embry 
it  is  obviously  the  effect  of  the  second  portion  which  is  inhibited 
It  is  possible  that  the  process  of  the  diffusion  of  acid  is  the  sank 
as  thaf  discussed  in  the  case  of  potassium  and  on  this  suppositio 
the  action  of  the  anion  is  inteUigible.  It  would  be  of  importane 
to  see  whether  the  poisonous  action  of  the  acid  on  the  embry" 
is  also  reversible,  at  least  in  its  initial  stage,  and  whether  th. 
reversibility  resembles  that  of  the  reversibility  of.  the  potassiun 
poisoning  reported  in  the  paper  by  Loeb  and  Cattell.  It  may  l> 
difficult  to  decide  this  question.  We  must  also  consider  thi 
possible  influence  of  the  water  absorbed  by  the  membrane  on  thi 
rate  of  diffusion  of  acid  into  the  egg.  The  writer  had  shown  lon| 
ago  that  the  muscle  absorbs  water  under  the  influence  of  acid 
and  that  this  process  is  inhibited  by  salts.^  It  is  possible  that  th 
diffusion  of  acid  through  the  membrane  is  facilitated  by  the  swell 
ing  of  the  membrane  by  acid,  and  that  the  antagonistic  influ 
ence  of  the  salt  might  be  due  to  the  antagonization  of  the  swelling 

SUMMARY  OF  RESULTS. 

1.  It  is  shown  that  salts  inhibit  the  toxic  action  of  acids  upoi 
the  embryo  of  Fundulus, 

2.  This  inhibiting  action  of  the  salts  is  a  function  of  the  anioi 
as  well  as  the  cation.  Rhodanates,  acetates,  sulphates,  an( 
tartrates  inhibit  very  strongly,  chlorides,  bromides,  and  nitrate 
much  less,  and  iodides  least  of  all.  The  bivalent  cations  Ca  anc 
Sr,  and  to  a  smaller  degree  Mg,  also  inhibit  more  strongly  thai 
the  univalent  cations. 

3.  Since  tartrates  and  rhodanates  are  much  too  toxic  to  be  oi 
use  in  inhibiting  the  antagonistic  action  of  acids  upon  the  adul< 
fish  we  must  conclude  that  the  antagonistic  action  of  the  anions 
in  our  experiments  consisted  in  retarding  the  rate  of  diffusion 
of  the  acid  through  the  membrane. 

*  Loeb,  Arch.f.  d.  ges.  Physiol.,  1898,  Ixix,  1;  1898,  Ixxi,  457. 
»  Loeb,  ibid.,  1899,  Ijcxv,  303. 


THS  RELATION  BETWEEN  THE  CONFIGURATION  AND 
ROTATION  OF  EPIMERIC  BIONOCARBOXYLIC 
SUGAR  ACIDS. 


By  p.  a.  LEVENE. 
{.F* rom  the  Laboratories  of  the  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  September  27,  1915.) 

Hudson*  was  the  first  to  discover  certain  relationships  between 
the  configuration  and  the  rotatory  power  of  sugars,  glucosides,  and 
the  lactones  of  sugar  acids.  By  so  doing  he  also  has  brought  tell- 
ing evidence  in  support  of  the  principle  of  optical  superposition, 
at  least  for  the  sugars  and  sugar  derivatives.  Accepting  the 
correctness  of  the  principle  one  may  apply  it  to  the  differentiation 
of  the  monocarboxylic  acids  of  two  epimeric  sugars  in  the  follow- 
way. 

Two  epimeric  acids  differ  only  by  the  configuration  of  their 
Carbon  atoms.  These  are  antipodes.  Accepting  the  magni- 
tude of  the  optical  rotation  of  this  carbon  atom  as  equal  to  A 
^^d  that  of  the  sum  of  the  other  asymmetric  carbon  atoms  as 
^ual  to  B,  the  rotation  of  one  acid  is  +  A  +  B  =  M  and  that  of 
epimeric  form  is  —  A+B  =  N  (M  and  N  being  the  empirical 

values).   Hence,  B  =  +  A  =  ^^Z^  or 

^  However,  the  free  acids  as  a  rule  are  unstable  in  aqueous  solu- 
^ioti^  passing  into  their  lactones,  and  therefore  the  observations 
have  to  be  made  on  their  salts.  The  present  literature  pre- 
^^ts  only  few  data  regarding  the  optical  activity  of  salts  of  epi- 
^^lic  acids,  but  in  every  instance  when  the  salts  of  the  same  base 
two  epimeric  acids  have  been  obtained  it  was  found  that  those 
^cids  in  which  the  hydroxyl  of  the  a-carbon  atom  had  the  same 

^  Hudson,  C.  S.,  Jour.  Am.  Chem.  Sac,  1909,  xxxi,  66;  1910,  xxxii,  338; 
^^U,  xxxiii,  405.   Anderson,  E.,  ibid.,  1911,  xxxiii,  1510;  1912,  xxxi v,  51. 
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position  as  in  d-gluconic  acid,  the  calculated  value  for  the  rota— ^ 
tion  of  the  a-carbon  atom  had  the  sign  plus;  and  for  those  having^a 
the  configuration  of  the  hydroxyl  of  the  a-carbon  atom  corre — s 
sponding  to  d-mannonic  acid  the  sign  was  minw.  Hence 
method  may  be  employed  to  determine  the  configuration  of  sugai^c 
acids  when  chemical  methods  are  for  some  reason  or  other  no#^ 
applicable.  It  is  hoped  that  the  principle  will  be  found  of  servic^M 
for  determining  the  structure  of  the  a-hexosamines. 
The  following  data  are  taken  from  the  work  of  Nef 


Aoid. 

Formula. 

Derivative. 

riilimliiliiM  1 
rotation 
of  the 
OH^rboite.. 
atom. 

H    H  OH  H 
CH«OH  ^„^„    „^„  COOH 
OH  OH    H  OH 

Calcium  aalt 

+10.6 

+9.0 

if-Manaonio  

H    H  OH  OH 
CHiOH  ^„^„    „    „  COOH 
OH  OH    H  H 

Calcium  salt 

-7.6 

-9.0 

H    H  OH  H 
CHiOH  COOH 
OH  OH    H  OH 

Str>'chnine  salt 

-18.76 

(i-Manaonio  

H    H  OH  OH 
CHiOH               ^    ^  COOH 
OH  OH    H  H 

Strychnine  salt 

-26.7 

HOH    H  H 
CHiOH  ^„  COOH 
OH    H  OH  OH 

Phenylhydraside 

+13.4 

H  OH    H  OH 
^«*=0H  HOH 

Phenylhydraside 

-13.i2 

-12-  -^l 

H  OH    H  H 
CH«OH  ^„  COOH 
OH    H  OH  OH 

Strychnine  salt 

-17.24 

+4-  38 

HOH  HOH^^„ 

Strychnine  aalt 

-26.00 

^^«OH    HOH  H*^« 

HOH  n 
^"^^OH  HOH^« 

Brucine  salt 

-18.70 

HOH  OH 
^«'««OH    H  H^°°« 

Brucine  salt 

-27.57 

*  RosanofT's  nomenclature. 


Dr.  G.  M.  Meyer  and  the  writer  are  engaged  in  extending 
study  to  a  larger  number  of  salts  of  the  sugar  acids. 


«  Nef,  J.  U.,  -4t?»?.  d,  Chem.,  1914,  cccciii,  204. 


t:he  effect  of  ingested  purines  on  the  uric 
acid  content  of  the  blood. 


By  W.  DENIS. 

rtm  the  Laboratories  of  Biological  Chemistry  of  the  Massachusetts  General 
Hospital  and  of  the  Harvard  Medical  School ,  Boston,) 

(Received  for  publication,  September  30,  1915.) 

It  has  long  been  assumed  that  ingested  purines  have  a  marked 
effect  on  the  uric  acid  content  of  the  blood,  a  belief  which  has 
risen  no  doubt  from  our  knowledge  of  the  influence  of  high  purine 
diets  on  the  amount  of  uric  acid  excreted  in  the  urine,  but  which 
has  but  small  foundation  as  regards  experimental  work  on  the 
blood  itself.  Substantially  the  only  experiments  on  this  subject 
are  those  of  Brugsch  and  Schittenhelm.^  The  work  of  these 
investigators  is,  however,  of  an  essentially  qualitative  nature, 
and  so  far  as  I  am  aware  no  quantitative  experiments  dealing 
^th  this  problem  have  as  yet  been  published. 

A  knowledge  of  the  influence  of  ingested  purines  on  the  uric 
a-cid  content  of  the  blood  is  desirable  because  of  the  light  it  prom- 
ises to  throw  on  the  general  problem  of  endogenous  versus  exog- 
^^ous  purine  metabolism;  and  also  because  in  view  of  the  possible 
"^^lue  in  clinical  diagnosis  of  uric  acid  determinations  in  the 
^lood^  it  has  become  necessary  to  know  as  accurately  as  possible 
^he  influence  of  therapeutic  and  dietetic  measures  on  this  factor. 

The  experiments  recorded  below  were  made  with  adult  patients 
i^  the  medical  and  surgical  wards  of  the  Massachusetts  General 
Hospital.    The  subjects  used  may  be  subdivided  into  the  follow- 
classes:  First  (Table  I),  those  designated  as  ^'normal;''  men 
women  selected  from  the  surgical  services  who  were  normal 
except  for  the  surgical  conditions  (hernia  and  fractures)  for  the 
^^lief  of  which  they  had  entered  the  hospital.  Experimental 
^ork  on  the  hernia  cases  was  begun  not  less  than  one  week  after 

'  Brugsch,  T.,  and  Schittenhelm,  A.,  Ztschr.f.  exper.  Path.  u.  Therap,, 
iv,  440. 

*  Folin,  O.,  and  Denis,  W.,  Arch.  Int.  Med.,  1915,  xvi,  33. 
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operation,  and  in  the  fracture  cases  three  to  four  weeks  had  elaps-^c/. 
Second  (Table  II),  nephritic  and  cardiorenal  cases.  Ttirrf 
(Table  III),  persons  suffering  from  various  chronic  diseases  rmot 
associated  with  kidney  inefficiency  or  with  fever. 

In  some  cases  it  was  found  more  convenient  on  account  of  tfce 
patient's  physical  condition  or  former  diet  to  feed  first  a  purine 
free  diet  and  then  one  rich  in  purine,  in  other  cases  it  was  neces- 
sary to  reverse  this  procedure.  In  every  case  the  diet  was  the 
same;  during  the  purine  free  period  the  food  consisted  of  eggs, 
bread,  milk,  cheese,  butter,  and  fruit.  During  the  period  of 
high  purine  feeding  the  eggs  and  a  large  part  of  the  bread  were 
replaced  by  a  daily  ration  of  150  grams  of  calves'  liver,  200  grams 
of  roast  beef  or  chicken,  and  200  cc.  of  "concentrated  brotlx" 
(prepared  by  boiling  down  the  ordinary  hospital  soup  to  one- 
fifth  of  its  original  volume). 

Samples  of  blood  were  taken  at  the  end  of  the  high  purine  period 
and  at  the  end  of  the  period  during  which  a  purine  free  diet 
given,  care  being  taken  to  draw  blood  only  before  breakfast  so 
as  to  obviate  any  possible  effect  of  a  recent  meal.  Besides  tine 
determinations  of  uric  acid  and  non-protein  nitrogen  in  the  blo<^^ 
I  have  also  made  daily  determinations  of  the  uric  acid  in  tl^^ 
urine.' 

From  the  results  given  in  Table  I  it  is  evident  that  in  nom^^l 
individuals  it  is  possible  to  feed  large  amounts  of  purine-contai^" 
ing  food  without  increasing  the  uric  acid  content  of  the  blcK>^- 
It  is  true  that  the  number  of  experiments  is  not  large,  and  al^^ 
that  the  experimental  material  was  carefully  selected  in  order  '^^ 
obtain  individuals  who  gave  a  history  of  absolute  freedom  fro^ 
any  joint  diseases  (to  exclude  gout)  and  who  were  as  far  aB 
was  possible  to  ascertain  by  physical  and  clinical  examinatic^^s 
free  from  any  signs  of  kidney  inefficiency.    It  is  possible  thai>  ^ 
a  large  series  of  less  carefully  selected  "normal**  material  a 
individuals  might  be  found  whose  tissues  and  kidneys  might>  ^ 
unable  to  cope  with  the  large  amount  of  purines  ingested  and 
would  under  the  same  experimental  conditions  be  found  to  h^^'^ 
an  increase  in  the  circulating  uric  acid. 

*  These  determinations  were  made  by  the  methods  of  Folin  and  De>^ 
Jour,  Biol.  Chevi.,  1912-13,  xiii,  469;  1911-12.  xi,  527;  1913,  xiv,  95. 
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TABLE  I. 
"Normal"  Subjects. 


Blood  100  fm. 

Urine. 

Remarks. 

Non-protein 
nitrogen. 

•6 

s 

i 

Uric  acid  ex- 
cretion, daily 
average. 

Days. 

Diet. 

'.   Female,  18  yrs.  old, 
w^ght  50.4  kg., 
fractured  femur 

mg. 

36 
33 

mg. 

2.0 
2.0 

gm. 
0.40 
0.18 

5 
5 

High  purine. 
Purine  free. 

.   Female,  21  yrs.  old, 
weight  59  kg., 
fractured  femur 

32 
30 

2.3 

9  9 

0.70 
0.30 

5 
5 

High  purine. 
Purine  free. 

.   Female,  64  yrs.  old, 
weight  68  kg., 
fractured  femur 

28 
25 

2.2 
2.1 

0.68 
0.41 

5 
5 

High  purine. 
Purine  free. 

Male,  21  yrs.  old, 
weight  77.4  kg., 
fractured  femur 

34 
32 

1.8 
1.9 

1.112 
0.48 

5 
5 

High  purine. 
Purine  free. 

.   Male,  44  yrs.  old, 
weight  102  kg., 
convalescent 
after  operation 
for  hernia 

28 
30 

1.4 
1.4 

0.60 
0.98 

7 
6 

Purine  free. 
High  purine. 

.   Male,  25  yrs.  old, 
weight  58  kg., 
convalescent 
after  operation 
for  hernia 

30 
30 

2.0 
2.2 

0.30 
0.72 

8 
5 

Purine  free. 
High  purine. 

Male,  28  yrs.  old, 
weight  67  kg., 
fractured  femur 

28 
27 

1.3 
1.3 

0.36 
1.16 

10 
5 

Purine  free. 
High  purine. 

Idition  to  the  meat  and  liver  served  to  the  other  subjects  this 
also  given  225  gm.  of  thymus  per  day. 
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As  was  to  be  expected  the  experiments  presented  in  Table  I 
show  that  in  the  case  of  individuals  with  impaired  kidney  f  unctioi 
high  purine  feeding  causes  an  increase  in  the  uric  acid  conten 
of  the  blood. 

The  patients  used  for  the  experiments  presented  in  Table  II 
suffered  from  a  variety  of  pathological  conditions,  and  as  is  t< 
be  expected  from  such  heterogeneous  material  in  some  cases  i 
marked  increase  in  circulating  uric  acid  was  observed  while  b 
other  cases  high  purine  feeding  was  without  effect. 

Experiments  (unpublished)  on  normal  men  have  shown  tha 
the  protein  intake  may  be  increased  from  an  amount  suflScien 
to  give  6  to  8  grams  of  urea  in  the  twenty-four  hour  urine  to  tha 
sufficient  to  produce  a  daily  urea  excretion  of  30  to  50  gram 
without  producing  an  increase  of  more  than  2  to  3  per  cent  ii 
the  circulating  urea. 

From  the  results  just  presented  it  would  seem  that  the  norma 
kidney  reacts  towards  an  excess  of  uric  acid  in  a  way  essentially 
similar  to  that  in  which  it  conducts  itself  towards  an  excess  o 
urea,  and  is  able  to  excrete  the  excess  of  uric  acid  presented  to  i 
when  a  diet  high  in  purines  is  fed,  thereby  keeping  the  circulatini 
uric  acid  at  the  same  level  as  that  obtained  when  only  endogenou 
uric  acid  is  to  be  excreted. 

When  damage  to  the  kidney  has  occurred  (even  when  this  ha 
not  progressed  to  the  point  when  nitrogen  retention  is  apparent 
as  shown  by  the  non-protein  nitrogen  values)  an  accumulation  c 
uric  acid  takes  place  in  the  blood  after  a  short  period  of  purin 
feeding. 

Both  from  the  theoretical  and  from  the  practical  side  it  woul( 
of  course  have  been  of  interest  to  have  extended  this  series  o 
observations  to  another  class  of  pathological  material  and  t( 
have  included  results  obtained  on  persons  suffering  from  gout 
Absolutely  characteristic  cases  of  gout  are  difficult  to  secure  ii 
conditions  suitable  for  work  of  this  kind,  as  during  the  experi 
mental  period  it  is  of  course  necessary  to  exclude  medication  o 
any  kind.  As  no  suitable  material  of  this  class  has  been  avail 
able  in  the  several  months  during  which  this  work  has  been  car 
ried  on  I  have  been  unable  to  secure  any  experimental  data  aloni 
this  line.    From  the  practical  standpoint,  however,  the  result- 
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TABLE  II. 
Renal  and  Cardiorenal  Cases, 


RamArks. 

Blood  100  gm. 

Urine. 

Days. 

Diet. 

Non  -  protein 
nitrogen. 

1 

JO 

'C 
& 

Uric  acid  ex- 
cretion, daily 
average. 

R.  A.  31.  Male,  46  yrs.  old, 
weight  76  kg., 
alcoholic,  car- 
diorenal disease, 
edema,  ascites 

mg, 

42 
49 

mg. 

2.0 
4.4 

gm. 

0.28 
0.42 

15 
4 

Purine  free. 
High  purine. 

H.  O.  31.  Male,  43  yrs.  old, 
weight  77  kg., 
hypertension, 
arteriosclerosis, 
cardiorenal  dis- 
ease 

40 
46 

2.0 
2.4 

0.46 
0.80 

8 
4 

Purine  free. 
High  purine. 

H.  Y.  7.  Male,  42  yrs.  old, 
weight  72  kg., 
aortic  disease, 
cardiac  hyper- 
trophy, arterio- 
sclerosis 

37 
48 

1.3 
2.1 

0.39 
0.68 

8 
4 

Purine  free. 
High  purine. 

O.  7.  Male,  42  yrs.  old, 
weight  62.5  kg., 
chronic  inter- 
stitial  nephritis, 
edema,  ascites 

32 
39 

1.8 
3.8 

0.29 
0.52 

8 
4 

Purine  free. 
High  purine. 

H.  J.  31.  Male,  26  yrs.  old, 
weight  54  kg., 
cardiorenal  dis- 
ease 

40 
54 

4.1 
4.4 

0.27 
0.65 

5 
4 

Purine  free. 
High  purine. 

W.  H.  31.  Male,  55  yrs.  old, 
weight  79  kg., 
cardiorenal  dis- 
ease 

30 
42 

1.8 
2.6 

0.33 
0.60 

10 
4 

Purine  free. 
High  purine. 
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TABLE  U— Continued. 


Remarks. 

Blood  100  Bm. 

Urine 

Days. 

Diet 

a 
1 

a  5 

Uric  acid. 

Uric  acid  ex- 
cretion, daily 

I.  G.  31.  Male,  65  yrs.  old, 
weight  61  kg., 
chronic  lead  poi- 
soning, arterio- 
sclerosis, chron- 
ic interstitial 
nephritis 

mg. 

66 
80 

mg. 
3.6 
4.8 

gm. 

0.30 
0.64 

6 
4 

Purine  f 
High  pu 

N.E.  16.  Female,  50  yrs.old, 
weight  54  kg., 
acute  pyelone- 
phrosis  of  left 
kidney  (right 
kidney  excised  8 
months  ago) 

66 
81 

1.8 
2.6 

0.30 
0.58 

10 
.5 

Purine  f 
High  pu 

R.I.  31.  Male,  64  yrs.  old, 
weight  71  kg., 
hypertension, 
cardiorenal  dis- 
ease 

32 
35 

2.2 
2.8 

0.38 
0.81 

5 
5 

Purine  f 
High  pu 
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BlcwdlOOvm. 

Dnyl. 

Diet. 

a 

S 

Is 

a  H 

S3 

i 
& 

ill 

m\ 

M 

€.1,  Male,  32  yrs.  old, 
weigbt  50  kg., 
hypertrophic  ar- 
thritia 

28 
27 

Wig. 

2.0 

i.g 

0.60 
0.28 

5 
5 

High  puriiie^ 
Fining  ft««. 

weight  46  kg*, 
goaorrhe&l  ar- 
thrltifl 

30 

1.8 
18 

0.29 
0.66 

5 
3 

Purine  free* 

C  0,  31.  HaX%  50  yu^  oU^ ; 

imfi^t  £0.5  kg., 

jaundice,  prob- 
ably due  tci  ma- 
ligcnant  growth  of 
g!ill-bladder 

28 

1.2 
1.2 

0.26 
0.40 

4 
6 

Ftttiziefff^ 
HiitilWiiie. 

H.  L  ai,  Male,  m  yrs.  old, 
weight  77  kg., 
mitral  refurp- 
tati0a  amdfteao-^ 

24 

l,B 
1.8 

0.7S 
0.39 

4 

4 

Hi^  purine. 

^  ».  31.  mi$^u  $^  MM,^ 

alcoholic,  ejrphi^  ' 
]  i  ti  c  my  Qcarditia 

1'  40 

2.0 
2,4 

0.33 
0.69 

5 
5 

y  -  O,  31.  Male.  52  yre.  old, 
sieight  90  kg,^ 
cardiac  tleeotn- 
pensation,  auri- 
cular fibrillation 

35 
34 

3.3 
3  6 

0.36 
0.98 

7 
3 

Purine  frm* 
Bi^  imrli)^. 

N.  31.  Malc^,  25  yrs.  old, 
weight  55  kg., 
chronic  cciUtiB  , 

2S 
25 

2.3 
1.5 

0.64 
0.2B 

4 
5 

High  purine. 
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TABLE  Ill-Conhnim/. 


Remarks. 

Blood  100  cm. 

Urine. 

Day*. 

Diet. 

Non  -  protein 
nitrocen. 

•g 

•8 

4> 

{So* 

C.  A.*  Male,  22  yrs.  old, 
weight  78  kg., 
syphilis 

mg. 
42 
28 

mg. 

3.8 
1.7 

gm, 
1.20 
0.30 

4 
6 

High  purine. 
Purine  free. 

W.  Y.  25.  Male,  66  yrs.  old, 
weight  85  kg., 
COD  valescent 
after  excision  of 
epithelioma  of 
ear 

44 

36 

2.6 
1.8 

0.90 
0.43 

5 
4 

High  purine. 
Purine  free. 

W.  D.  7.  Male,  47  yrs.  old, 
weight  100  kg., 
aortic  and  mitral 
disease,  marked 
decompensation 

30 
30 

4.4 
4.4 

0.47 
0.80 

5 
5 

Purine  free. 
High  purine. 

L.  M.  7.  Male,  28  yrs.  old, 
weight  47  kg., 
lung  abscess 
(convalescent 
after  drainage) 

30 
30 

2.5 
2.2 

0.59 
0.28 

4 

7 

High  purine. 
Purine  free. 

S.  L.  7.  Male,  21  yrs.  old, 
weight  63  kg., 
tabes  mesenter- 
ica 

37 
37 

1.4 
1.7 

0.31 
0.64 

5 
4 

Purine  free. 
High  purine. 

*  In  addition  to  the  purine-containing  foods  given  the  other  patients 
this  man  received  daily  250  gm.  of  thymus. 


already  published  by  Folin  and  Denis*  show  that  in  the  blood 
of  persons  suffering  from  gout  normal  uric  acid  values  are  no't 
obtained  after  several  days'  abstinence  from  all  purine-containing 
foods. 

*  Folin  and  Denis,  Arch.  Int.  Med.,  1915,  xvi,  38. 
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SUMMARY. 

^^ults  are  presented  showing  the  effect  of  purine  free  and  of 
purine  diets  on  the  uric  acid  content  of  the  blood  of  normal 
-n  and  of  persons  suffering  from  various  chronic  diseases.  In 
rmal  men  no  increase  in  the  circulating  uric  acid  is  produced 
'  the  ingestion  of  large  quantities  of  purines.  In  persons  suf- 
'ing  from  renal  insuflSciency  a  more  or  less  marked  increase  in 
5  uric  acid  content  of  the  blood  is  produced  by  high  purine 
iding.  It  is  therefore  concluded  that  when  the  determination 
uric  acid  in  the  blood  is  undertaken  as  a  diagnostic  test  the 
;i8tence  on  a  preliminary  period  during  which  no  purine-con- 
ning  foods  are  consumed  is  unnecessary  except  in  cases  in  which 
Iney  insufficiency  exists,  or  perhaps  in  the  case  of  persons  who 
bitually  consume  extremely  large  quantities  of  purine-  contain- 
5  foods. 


X^OTE  ON  THE  APPARENT  CHANGE  OF  THE  OSMOTIC 
I>RESSXJRE  OF  CELL  CONTENTS  WITH  THE  OSMOTIC 
PRESSURE  OF  THE  SURROUNDING  SOLUTION. 

By  JACQUES  LOEB  and  HARDOLPH  WASTENEYS. 
Cl^romthe  Laboratories  of  the  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  September  17,  1915.) 

I. 

Loeb  and  Cattell^  have  shown  that  if  the  eggs  of  Fundulus 
previously  kept  for  some  time  in  distilled  water  or  in  a  very 
Weak  salt  solution,  they  offer  a  greater  resistance  to  the  poisonous 
effects  of  a  m/2  solution  of  KCl  than  if  they  are  transferred  to 
the  m/2  KCl  solution  from  sea  water.    This  experiment  is  ex- 
plained on  the  assumption  that  between  the  meshes  of  the  fibers 
^constituting  the  membrane  the  distilled  water  or  weak  salt  solu- 
tion collects  and  forms  a  barrier  to  the  diffusion  of  the  KCl  through 
thcj  membrane.    The  same  authors  have  shoAvn  that  if  eggs  are 
poisoned  with  KCl  they  do  not  recover,  or  recover  only  very  slowly, 
"^'hcn  put  into  distilled  water  or  sugar  solutions,  while  they  do 
^eccver  when  put  into  solutions  of  electrolytes.    It  seemed,  there- 
advisable  to  ascertain  whether  when  Fundulus  eggs  are  put 
fi'oin  sea  water  into  distilled  water  or  into  weak  concentrations 
salt  solutions  some  of  the  distilled  water  or  weak  salt  solution 
collect  in  the  meshes  of  the  membrane,  replacing  the  sea 
"^ater  formerly  occupying  the  same  space.    If  this  idea  is  correct, 
"the  freezing  point  of  the  eggs  must  change  considerably  with  the 
concentration  of  the  solution,  in  which  the  eggs  are  previously 
Itept  or  washed.    On  the  assumption  that  the  membrane  is 
practically  impermeable  to  water  and  salt  in  physiologically  bal- 
i      anced  salt  solutions  and  in  distilled  water  (which  was  made  prob- 
I      able  in  previous  pubhcations  by  Loeb),  the  osmotic  pressure  of 
I     ^he  juice  pressed  out  from  eggs  of  Fundulus  should  be  the  mean 

I        'Loeb,  J.,  and  Cattell,  McK.,  Jour,  Biol,  Chem.,  1915,  xxiii,  41. 
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of  the  following  two  solutions:  (1)  the  contents  of  the  egg,  whic 
are  constant  for  the  same  set  of  eggs;  and  (2)  the  solution  absorbe 
between  the  meshes  of  the  outer  fibrils  of  the  membrane.  OnZ3 
the  latter  liquid  would  vary  with  the  concentration  of  the  ou_ 
side  medium. 

II. 

Fertilized  eggs  of  Fundulus  were  kept  for  a  day  or  longer  5 
distilled  water,  m/2,  or  gram  molecular  sea  water.  They  wcm 
then  rinsed  several  times  in  tap  water  and  put  for  a  few  minute 
in  distilled  water.  They  were  then  taken  out,  drained,  rubbe; 
gently  between  two  sheets  of  filter  paper  to  free  them  from  tb 
water  adhering  to  the  outside;  then  mixed  with  sand,  put  int 
canvas,  and  their  juice  was  pressed  out  in  a  Buchner  press.  Enough 
eggs  were  taken  to  obtain  a  quantity  of  juice  suflScient*  for  tta 
determination  of  the  freezing  point  depression.  Table  I  give 
the  result  of  some  experiments. 


TABLE  I. 
Fertilized  Eggs. 


Kggs  kept  for  ?4  hre  or  more 
previously  in 

Then  tv-ashed  in 

A  of  egg  content. 

Distilled  water  

Distilled  water 

0.42^ 

Distilled  water  

Distilled  water 

0.47^ 

m/2  sea  water  

Distilled  water 

0.49* 

M  sea  water  

Distilled  water 

0.57^ 

This  table  shows  the  after  effect  of  the  solution  in  which  thi 
eggs  had  been  kept  previous  to  the  washing,  inasmuch  as  the  eggi 
that  had  been  kept  in  m  sea  water  had  a  freezing  point  depressioi 
of  0.57°,  while  those  that  had  been  kept  in  m/2  sea  water  had  j 
freezing  point  depression  of  0.49°,  and  those  kept  in  distilled  watei 
had  a  freezing  point  depression  of  0.42°.  They  may  have  beei 
kept  longer  than  one  day  in  distilled  water,  although  we  have  n( 
record  for  this. 

This  table  does  not  allow  us  to  recognize  the  result  of  the  wash- 
ing. The  influence  of  the  washing  is  shown  in  the  next  set  o1 
experiments.  Eggs  that  had  been  kept  in  sea  water  were  washec 
in  sea  water  diluted  with  different  quantities  of  distilled  water 
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Alter  this  they  were  freed  from  the  water  adhering  to  the  outside 
rolling  them  gently  between  filter  paper.   The  freezing  point 
depression  of  the  water  in  which  the  eggs  were  washed  was  meas- 
and  is  given  in  the  second  column  of  Table  II.    It  is  ob- 
^ous  that  the  depression  of  the  freezing  point  of  the  juice  from 
^he  eggs  increases  with  the  depression  of  the  freezing  point  of  the 
^ash  water  and  is  always  higher  than  that  of  the  eggs  of  Table  I 
^hich  had  been  washed  with  distilled  water. 


TABLE  II. 


£g|B  previously  kept  in 

Then  wpshed  in  sea  water 
with  freesing  point 
depreBHion  of 

A  of  egg  content. 

0.52** 

0.66° 

water  

0.55^ 

0.68** 

0.67^ 

0.72° 

water  

0.68° 

0.75° 

water  

0.80** 

0.77° 

1.04** 

0.88° 

S-^  a  water  

1.93° 

1.27° 

Two  facts  stand  out  clearly.    First,  that  the  osmotic  pressure  of 
t  h.^  juice  of  the  eggs  grows  with  the  concentration  of  the  wash 
^"^""ater,  and,  second,  that  while  the  osmotic  pressure  of  the  egg 
^^<:>:iitents  is  above  that  of  the  wash  water  as  long  as  the  latter  is 
0.68°,  it  falls  below  it  as  soon  as  the  A  of  the  wash  water  be- 
^^TOes  0.80®  or  more.    On  the  reasoning  given  above,  this  would 
^^dicate  that  the  real  freezing  point  depression  of  the  contents 
the  egg  seems  to  lie  between  0.75°  and  0.77°. 
In  a  third  group  of  experiments  the  eggs  were  always  washed 
a  mixture  of  sea  water  and  H2O,  with  a  freezing  point  depression 
0.67°,  but  the  eggs  had  been  kept  twenty-four  hours  previous 
the  experiment  in  solutions  of  different  concentrations.  This 
^^periment  was  made  to  make  sure  that  when  the  eggs  are  exposed 
another  solution  for  a  longer  time  previous  to  the  washing, 
brief  washing  will  not  necessarily  eliminate  this  solution 
complexly  {rom  the  meshes  inside  the  membrane. 

The  influence  of  the  concentration  in  which  the  eggs  had  been 
kept 

before  washing  showed  itself,  but  was  not  regular.  This 
Jitter  fact  can  be  understood,  since  slight  differences  in  the 
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of  the  following  two  solutions:  -  p 

are  constant  for  the  same  set 
between  the  meshes  of  the  - 
the  latter  liquid  would  y  ^  y 
side  medium.  J  i  ^ 

Fertilized  eggs  of^^  J,? 
distilled  water,  ikhy 
then  rinsed  sever,  f 

in  distilled  wat  ^  c-orrosponu. 
gently  betwep  ^.^^       ^^^^^^j,,^,  solution  win 

water  adber  ...nihnme. 

canva8,an'  ^gs  wnv  used  in  all  the  exixTiments  rep 


\V(»  may  mention  incidentally  that  we  comj 
,aotic  pressure  of  the  fertilized  with  that  of  thci] 
the  rr  ^^^^^  found  no  difference.    This  observation 

iiitercJ*^  in  vi(»w  of  th(»  striking  diiYen^nces  found  l)y  I 
-         ]{iinnstr()m  on  the  fertilized  and  unfertilized  egg  c 
Such  ditVerenees  do  not  exist  in  the  eggs  of  FunduX 

0%' 


nr.  THEOUKTICAL  RKMAUKS. 


\Ve  havt»  found  that  tlie  osmotic  pressure  of  the  juice  pr 
out  from  the  egg  of  Fundulus  with  the  aid  of  a  Huchner 
varies  according  to  the  concentration  of  the  solutions  in  ^ 
the  eggs  liad  b(»en  kept  previously.    This  was  explained  oi 
assumption  that  some  of  the  water  in  whicrh  the  eggs  were  wi 
or  kept  previous  to  the  washing  adhered  to  the  meshes  bet 
the  fibrils  of  which  the  membrane  is  composed.    The  que 
may  be  raiscMl  whether  this  influences  of  the  concentratic 
the  solution  in  which  th(?  eggs  had  hvvu  kept  previously  ma; 
Ik*  explaiiKul  on  the  assumi)tion  that  the  egg  membrane  is 
pletely  permeal)le  to  water  and  the  substances  dissolved 
This  assumption  is  contradicted  by  the  exi:)crmrients  of 
on  the  floating  of  eggs  and  the  duration  of  life  of  the  embr 


=^  Backninn,  K.  L.,  iind  Hunnstmni,  J..  Arrh.  f.  d.  ges.  Physiol., 
fxliv,  287. 
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TABLE  III. 


Eggs  previouBly  kept  in 

Washed  in  diluted  sea 
water  of 

A  of  egs  content. 

m/2  sea  water  

0.67° 

0.71° 

m/2  sea  water  

0.67** 

0.81° 

M  sea  water  

0.67** 

0.80° 

M  sea  water  

0.67° 

0.99° 

Distilled  water . .  ./.... 

0.67° 

0.64° 

Distilled  water  

0.67° 

0.74° 

structure  of  the  membrane  will  cause  corresponding  difTerences 
in  the  tenacity  with  which  the  outside  solution  will  adhere  in 
the  meshes  of  the  membrane. 

Only  fertihzed  eggs  were  used  in  all  the  experiments  reported 
in  this  paper.  We  may  mention  incidentally  that  we  compared 
also  the  osmotic  pressure  of  the  fertilized  with  that  of  the  unfer- 
tilized egg,  but  found  no  difference.  This  observation  majr 
be  of  interest  in  view  of  the  striking  differences  found  by  Back- 
man  and  Runnstrom  on  the  fertilized  and  unfertilized  egg  of  the=* 
frog.^   Such  differences  do  not  exist  in  the  eggs  of  Fundulus, 

III.  THEORETICAL  REMARKS. 

We  have  found  that  the  osmotic  pressure  of  the  juice  pressedL 
out  from  the  egg  of  Fundulus  with  the  aid  of  a  Buchner  preset 
varies  according  to  the  concentration  of  the  solutions  in  which, 
the  eggs  had  been  kept  previously.  This  was  explained  on  the? 
assumption  that  some  of  the  water  in  which  the  eggs  were  washed- 
or  kept  previous  to  the  washing  adhered  to  the  meshes  betweeiB^ 
the  fibrils  of  which  the  membrane  is  composed.  The  question- 
may  be  raised  whether  this  influence  of  the  concentration 
the  solution  in  which  the  eggs  had  been  kept  previously  may  nofc- 

be  explained  on  the  assumption  that  the  egg  membrane  is  eom^  

pletely  permeable  to  water  and  the  substances  dissolved  in  it-  — 
This  assumption  is  contradicted  by  the  experiments  of  Loeki^ 
on  the  floating  of  eggs  and  the  duration  of  Ufe  of  the  embryo  cm^  ^ 


'  Backman,  E.  L.,  and  Runnstrom,  J.,  Arch.  f.  d.  ges.  Physiol.,  191; 
cxliv,  287. 
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Fundulus  in  solutions  of  hi^  concentration.*  When  we  put  the 
eggs  of  Fundulus  into  a  sblution  of  50  cc.  of  3  m  NaCl  +  1  cc.  10/8 
M  CaCU  the  eggs  will  float  on  such  a  solution,  and  the  embryo 
m\[  live  for  three  days  or  longer,  while  the  newly  hatched  embryos 
will  die  in  such  a  solution  in  a  few  minutes.  Moreover,  Loeb  has 
shown  that  it  is  impossible  to  adapt  the  fish  to  such  high  concen- 
trations by  gradually  raising  the  osmotic  pressure  of  the  solutions.* 
These  results  and  many  similar  ones  are  only  inteUigible  on  the 
assumption  that  the  membrane  of  the  egg  of  Fundulus  is  practi- 
cally impermeable  for  water  and  salt,  as  long  as  the  eggs  are  in 
physiologically  balanced  solutions,  as  was  the  case  in  the  experi- 
ments reported  in  this  paper.  The  results  of  the  experiments 
reported  in  this  paper  also  contradict  the  assumption  that  the 
outside  solution  diffuses  into  the  egg.  If  this  were  the  case, 
the  osmotic  pressure  of  the  eggs  in  distilled  water  should  become 
less  and  less  the  longer  they  remain  in  distilled  water,  which  is 
not  the  case.  The  variations  of  osmotic  pressure  observed  in 
our  experiments  are  easily  understood  on  the  assumption  that 
the  osmotic  pressure  of  the  contents  of«the  egg  remains  unchanged, 
but  that  traces  of  the  solution  in  which  the  egg  had  been  kept 
adhere  for  some  time  in  the  meshes  of  the  fibrils  forming  the  outer 
part  of  the  membrane. 

SUMMARY  OF  RESULTS. 

1.  It  is  made  probable  by  experiment  that  the  osmotic  pressure 
of  the  contents  of  the  egg  of  Fundulus  corresponds  to  a  freezing 
PXDint  depression  of  0.76°. 

2.  The  osmotic  pressure  of  fertilized  and  unfertilized  eggs  of 
f^^ndulus  is  practically  identical. 

3.  When  the  egg  is  washed  or  kept  in  solutions  of  different 
cioncentrations,  the  osmotic  pressure  of  the  iuice  pressed  out  of 
tl^e  egg  varies  somewhat  with  the  outside  contents.  This  is  ex- 
plained on  the  assumption  that  the  membrane  consists  of  fibrils 
a-nd  that  some  of  the  outside  solution  adheres  to  the  meshes  of 
the  outer  part  of  the  membrane,  without,  however,  entering  into 
tYie  egg. 

*  Zioeb,  J.,  Science,  1912,  xxxvi,  637;  Biochem.  Ztschr.,  1912,  xlvii,  127. 
Tuoebf  Biochem.  Ztschr,,  1913,  liii,  391. 
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4.  This  supports  the  idea,  expressed  in  a  previous  paper  b^^dT  by 
Loeb  and  Cattell,  that  when  these  eggs  are  put  for  some  time  intzft-  ^to 
distilled  water  a  layer  of  distilled  water  is  formed  inside  thciJie 
membrane  which  may  act  as  a  barrier  to  the  diffusion  of  potassiurKz^nn 
into  the  egg. 


THE  SAUCYLATES.   H.  METHODS  FOR  THE  QUANTI- 
TATIVE  RECOVERY  OF  SALICYL^  FROM  URINE 
AND  OTHER  BODY  FLUmS.* 

Bt  T.  W.  THOBURN  and  PAUL  J.  HANZLIK. 

.^'row  the  Pharmacological  Laboratory ,  Medical  Schaolf  Western  Reserve 
University,  Cleveland.) 

(Received  for  publication,  September  21,  1915.) 

The  quantitative  recovery  of  salicyl  from  tissues  and  body 
iuids  involves  factors  of  complexity  and  difficulty  not  present 

foods  and  simple  aqueous  solutions.  In  its  passage  through 
the  animal  organism,  the  salicyl  group  is  conjugated  with  glyco- 
coU  forming  a  compoimd  known  as  salicyluric  acid,  whose 
properties  (solubility,  melting  point,  volatility,  etc.)  dififer  from 
salicylic  acid.  In  addition,  the  presence  of  colloidal  and  other 
substances  interferes  with  a  smooth  and  quantitative  recovery  of 
^licylic  acid.    These  features  will  be  alluded  to  in  the  discussion 

t-he  various  procedures  referred  to,  and  finally  the  method  upon 
^^hich  we  have  settled  as  the  most  practical  will  be  described. 

Our  object  was  to  devise  some  practical  way  by  which  it  would 
^  possible  to  recover  quantitatively  the  salicyl  group  from  body 
"iuids,  such  as  urine,  blood,  and  feces,  after  internal  administration 

salicylates,  and  which  at  the  same  time  would  not  be  too  time 
^^xisuming.  It  is  believed  that  the  procedure  which  is  here 
i^cribed  can  be  successfully  applied.  Some  of  the  more  im- 
portant methods  used  by  previous  workers  are  described  in  the 


^  The  term  * 'salicyl* '  is  used  throughout  this  paper  for  the  sake  of  brevity 
to  indicate  the  salicyl  group  in  whatever  form  of  combination  it  may  occur. 

'  The  first  paper  of  this  series  was  reprinted  from  the  Annual  Report 
U914)  of  the  Therapeutic  Research  Committee  of  the  Council  of  Pharmacy 
and  Chemistry  of  the  American  Medical  Association.  Title:  The  Salicy- 
lates. A  Historical  and  Critical  Review  of  the  Literature. 
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text  and  were  tried  out  with  varying  success.    The  results  (g  ^b- 
tained  with  these  will  be  presented  first. 

Ether  Extraction  Method. — ^This  is  probably  the  oldest  and  most  coi^^hq- 
monly  practiced  procedure.   Ether  extraction  as  a  quantitative  meth- 
was  first  described  by  Feser  and  Friedberger.'   It  consists  simply  in  cc*  a- 
verting  a  salicyl  compoimd  into  free  salicylic  acid  and  shaking  out  w£> 
ether  until  the  suspected  fluid  is  salicyl-free.   Owing  to  emulsion  form.  ^- 
tion,  to  the  solubility  of  pigments,  fatty  and  other  substances  from  boldly 
fluids  and  tissues  in  ether,  this  method  is  mainly  suited  for  qualitatL^e 
purposes.   Even  by  repeated  extraction  with  ether,  purification  of  tfce 
product  obtained,  and  very  careful  manipulation,  it  is  barely  possible  tio 
approach  quantitative  results.   It  requires  at  least  six  to  eight  extracti(»xis 
in  order  to  render  100  cc.  of  urine  of  the  average  patient  receiving  f-oll 
therapeutic  doses  of  salicylate  salicyl-free.    The  contaminated  residue 
resulting  after  the  removal  of  the  ether  requires  treatment  with  charcoal 
and  at  least  two  to  three  recrystallizations  to  obtain  the  salicylic  acid  pux*^- 
Ethereal  solutions  of  salicylic  acid  have  a  tendency  to  crawl  and  spre^^l 
over  the  sides  of  an  evaporating  dish,  and  this  together  with  repcat^^ 
handling  entails  a  considerable  loss  of  salicylic  acid.   Several  attempts  | 
were  made  to  obtain  a  quantitative  recovery  after  the  direct  addition  of 
salicylic  acid  to  urine  or  water,  but  unsuccessfully.   The  following  reaul"*^-^ 
will  serve  to  illustrate  that  ethereal  extraction  of  salicylic  acid  is 
quantitative. 

1.002  gm.  salicylic  acid  with  the  aid  of  alkali  was  dissolved  in  50  c^^* 
alkaline  urine,  then  acidified  with  dilute  HCl  and  extracted  with  eth^^* 
The  total  quantity  recovered,  of  a  dark  yellowish  residue,  was  1.015  gr^ci* 
This  was  redissolved,  treated  with  animal  charcoal,  and  recrjrstalliE^^ 
twice.  The  quantity  recovered  was  1.012  gm.,  equivalent  to  101.3  per  ce^^* 
recovery. 

The  same  procedure  was  carried  out  with  0.503  gm.  salicylic  acid  add^^ 
to  50  cc.  of  urine.   The  recovery  was  0.486  gm.,  equivalent  to  96.6  per  ceim 

In  the  next  trial  0.867  gm.  salicylic  was  dissolved  in  100  cc.  of  urine  ac^ 
this  was  extracted  repeatedly,  twelve  to  fifteen  times,  before  salicyl-fre^- 
The  weight  of  the  total  residue  left  after  evaporation  of  the  ether  was 
gm.   After  recrystallization  and  treatment  with  charcoal  the  weight 
0.907  gm.,  a  difference  of  0.129  gm.,  which  represented  impurities.  Tl^® 
recovery  amounts  to  104.5  per  cent. 

Even  more  disappointing  results  were  obtained  with  other  urin^^- 
Owing  to  the  uncertainty  of  the  recovery  of  added  known  quantities 
salicylic  acid,  and  because  it  is  very  tedious  and  time  consuming,  simp^^^ 
ether  extraction  was  abandoned  as  unpractical  and  inaccurate. 

Mosso's  Method. — Mosso*  was  the  first  to  call  attention  to  the  facttb.-^^ 
the  investigators  of  his  time  usually  failed  to  take  account  of  the  salicylu*^ 

'  Feser  and  Friedbcrger,  Arch.  f.  wisasensch.  n.  prakt.  Thierheilk.,  18^^^' 

ii. 

*Mosso,  i:.,  Arch.f.  cxper.  Path.  u.  Pharmakol.,  1890,  .xxvi,  267. 
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cid  excreted  in  urine,  and  he  pointed  out  that  the  results  obtained  by  them 
'ere  only  partial  recoveries  of  the  salicyl  radicle  ingested.  According 
y  Mosso,  the  solubility  of  the  salicyluric  acid  is  greater  in  ethyl  acetate 
3  an  in  ordinary  ether,  so  that  with  a  mixture  of  ether  and  ethyl  acetate 
oth  the  salicylic  and  salicyluric  acid  could  be  more  completely  removed 
lan  with  ether  alone. 

In  detail  the  quantitative  separation  as  carried  out  by  Mosso  consists 
I  first  removing  the  mucoid  or  other  substances  by  precipitation  of  the 
rine  with  neutral  lead  acetate;  the  precipitate  is  removed  and  washed  until 
ilicyl-free.  Then  the  filtrate  is  treated  with  ammonia  and  lead  acetate, 
ad  heated.  The  precipitate,  which  now  contains  the  salicylates,  is  re- 
ioved  on  a  filter  paper  and  decomposed  with  ammonium  carbonate  or 
ilphuric  acid,  filtered,  and  the  precipitate  washed  until  salicyl-free. 
rom  the  filtrate  the  salicylic  acids  are  now  removed  by  repeated  extrac- 
on  with  small  quantities  of  a  mixture  of  ether  and  ethyl  acetate.  This 
quires  about  six  to  eight  extractions.  The  solution  is  allowed  to  evapo- 
^te  spontaneously  from  a  suitable  dish  and  the  crystalline  residue  remain- 
S  is  weighed.  The  whole  is  then  heated  on  a  water  bath  until  the  weight 
^comes  constant;  it  is  weighed  again  and  the  weight  of  this  second  residue 
trresponds  to  salicyluric  acid.  The  difference  between  the  weights  of  the 
ro  residues  corresponds  to  salicylic  acid  which  had  volatilized. 

Mosso  administered  known  quantities  of  salicylate  and  collected  urine 
r  two  to  three  days.  His  percentage  recoveries  were  96.8,  98.5,  102.1, 
106.7  per  cent.  In  our  hands  the  following  results  were  obtained  by 
lis  method:  126.4,  215,  and  223  per  cent.  The  objections  to  this  method 
the  same  as  for  the  simple  ether  extraction  procedure. 

JSauerkmd' 8  Method. — ^This  was  described  by  Sauerland*  in  his  study 
1  the  excretion  of  salicyl  after  the  application  of  salicylate  ointments  to 
skin.  It  is  carried  out  as  follows:  Urine  is  acidified,  saturated  with 
K^monium  sulphate,  and  extracted  with  a  mixture  consisting  of  three  parts 

petroleum  ether  and  two  parts  of  chloroform.  The  ether-chloroform 
^trract  is  then  shaken  with  water  containing  ferric  alum  until  no  violet 
>lor  is  obtained.  The  violet  watery  extracts  are  combined  and  com; 
*.red  in  cylinders  with  a  standard  of  sodium  salicylate.  Without  the 
^monium  sulphate,  80  per  cent  and  100  per  cent  with  0.5  gm.  and  0.5  mg., 
^pectively,  added  to  urine  were  recovered.  With  ammonium  sulphate, 
^  per  cent  and  95  per  cent  were  recovered  with  0.5  and  0.2  mg.  quantities, 
^pectively. 

A  trial  of  this  method  was  made  by  the  addition  of  sodium  salicylate  to 
rine.  The  following  results  were  obtained :  80  per  cent  recovery  with  a 
LXiantity  of  0.086  gm.,  and  107  per  cent  with  a  quantity  of  0.043  gm.  It 
vas  observed  that  the  violet  water  faded  on  standing.  This  is  also  pointed 
out  by  Sauerland.  With  larger  quantities  of  salicyl,  prolonged  extraction 
with  water  is  necessary  and  the  fading  becomes  a  serious  factor.  The 
watery  extracts  also  did  not  possess  the  typical  violet  tint  of  salicyl  in 


*  Sauerland,  F.,  Biochem.  Ztschr.,  1912,  xl,  56. 
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water.  The  method  was  abandoned  as  inaccurate  for  our  purposes,  as 
we  anticipated  working  with  highly  concentrated  urines  as  well  as  wm  th 
dilute  ones. 

Direct  Colorimetric  Estimation  of  the  Scdicyl  in  Ether  Extracts  of  Urine  —  — 
This  has  been  practiced  by  a  number  of  investigators.  100  cc.  of  urK:Kie 
were  collected  after  the  administration  of  0.568  gm.  sodium  salicyla-C^^. 
Several  aliquot  portions  (200  cc.)  were  taken,  acidified,  and  extracted  wm'th 
ether.  The  ether  was  allowed  to  evaporate  spontaneously  and  the  residix«s 
were  dissolved  in  water,  treated  with  animal  charcoal,  and  filtered.  In 
no  case  was  it  possible  to  obtain  filtrates  absolutely  free  from  a  bro^^n 
tint.  The  filtrates  now  containing  the  partially  purified  salicyl  residues 
in  solution  were  diluted  to  definite  volumes  and  a  colorimetric  estimation 
attempted  directly  with  2  per  cent  iron  and  ammonium  sulphate  (previously 
boiled  and  filtered).  In  one  case  the  urinary  residues  gave  a  bluish  viol«t 
color  with  a  brown  precipitate;  with  other  residues  a  purple-wine  color 
was  obtained.  It  was  impossible  to  match  the  characteristic  violet  color 
of  the  standard  sodium  salicylate  in  water. 

Thus  far  it  is  seen  that  salicyl  cannot  be  accurately  and 
conveniently  recovered  by  any  of  the  methods  tried  out.  Dir&<5t 
estimatiori  in  urine  is  certainly  impracticable  and  impossible - 
This  is  even  more  true  of  other  body  fluids,  such  as  blood  ajn-ci 
joint  fluids.  The  governing  principle  of  any  method  is  the  tr^^ 
covery  of  the  salicyl  in  pure  form  or  in  aqueous  solution  free  froxn 
any  disturbing  elements,  before  it  can  be  estimated  quantitatively - 
After  considerable  experimentation  it  is  believed  that  this  c»^ 
be  successfuUy  accomplished  in  three  steps:  (1)  hydrolysis 
the  specimen  containing  the  saUcyl;  (2)  distillation  by  stear»."i  ; 
(3)  colorimetric  estimation  of  the  distillate. 

These  procedures  are  not  new.  Each  has  been  practiced 
workers  before,  but  so  far  as  we  are  aware  their  combination  hf^ 
never  been  applied  to  urine.  Hydrolysis  was  long  ago  practic^^ 
with  hippuric  acid,  and  later  with  salicyluric  acid  as  a  prelino^^ 
nary  to  its  recovery  as  salicyUc  acid  by  ether  extraction  and  graV^" 
metricaUy.  Distillation  of  salicyUc  acid  from  aqueous  solutio:*^^ 
with  the  aid  of  steam  is  recommended  by  the  Association  of  Offi- 
cial Agricultural  Chemists,  and  was  also  used  by  Cassal.  Tfc"-^ 
colorimetric  estimation  with  iron  is  quite  old.  Before  the  method 
is  described,  the  various  steps  and  other  features  will  be  briefly 
considered,  for  there  is  a  paucity  of  data  in  the  literature,  ar^^ 
their  desirability  is  important  to  justify  the  usage  of  the^^^ 
procedures. 
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Hydrolysis. — ^The  object  of  this  is  to  decompose  ihe  conjugated 
combined  salicyl  into  free  salicylic  acid  which  could  then 
5  volatilised  by  distillation  with  steam.  The  conjugated 
Llicyl  is  thought  to  exist  in  the  form  of  salicyluric  acid,  an  ana- 
sue  of  hippuric  acid,  and  there  are  possibly  other  salicyl  com- 
Dunds.  Thus  far  we  have  been  imable  to  prepare  any  salicyl- 
ric  acid  or  other  such  salicyl  compounds  satisfactorily.  It 
spears  that  the  urines  of  most  individuals  will  require  hydrolysis 
realise  we  have  encoimtered  urines  which,  after  prolonged 
-wo  days  to  two  weeks)  continuous  ether  extraction,  imtil  the 
her  extract  no  longer  gave  a  test  for  saUcyl,  yielded  additional 
Jicyl  on  hydrolysis  and  distillation.  Some  urines  are  somewhat 
ore  easily  and  readily  extractable  with  ether,  but  we  have 
•imd  in  almost  every  instance  with  such  solvents  as  ether,  ethyl 
^etate,  petroleum  ether,  and  chloroform,  some  unextracted 
wlicyl  remaining  in  the  urine.  The  quantity  depends  upon  the 
^ncentration  of  the  salicyl.  Thus  far  we  have  encoimtered  such 
aantities  as  10,  20,  and  30  mg.  unextracted  with  100  cc.  quanti- 
es  of  urines.  On  the  other  hand  after  hydrolysis  for  very  short 
"xA  long  periods,  before  distillation  no  additional  salicyl  has 
^n  foimd  by  stiU  more  hydrolysis  or  extraction  of  the  distilled 
tsidues  with  ether  and  ethyl  acetate.  We  have  also  encountered 
fictional  specimens  of  urine  voided  by  the  same  individual  which 
^have  somewhat  diflferently  as  to  the  amount  of  salicyl  recover- 
:ile  by  hydrolysis;  that  is,  some  specimens  would  appear  to 
squire  longer  hydrolysis,  although  less  salicyl  would  be  present 
lan  in  a  previous  specimen.  This  may  be  associated  with  some 
Jferences  in  the  excretion  of  the  combined  salicyl  (salicyluric 
rid  and  others)  in  the  same  individual  at  different  times  of  the 
^y.  The  question  of  salicyluric  acid  will  be  treated  in  a  later 
^per. 

After  the  examination  of  a  large  number  of  urines  it  is  certain 
lat  hydrolysis  can  be  carried  on  simultaneously  with  distillation. 
^  other  words,  it  is  not  necessary  to  hydrolyze  previous  to  dis- 
liation.  Distillation  of  the  average  urine  (100  cc.)  requires 
:x)ut  an  hour  (of  more  concentrated  urines  somewhat  more), 
:id  this  is  sufficient,  for  exactly  the  same  results  are  obtained 
lien  the  urine  is  previously  hydrolyzed  (for  diflFerent  periods) 
nid  then  distilled.    Experiments  were  made  in  this  direction  and 
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data  illustrative  of  the  results  obtained  will  be  found  in  T 
Previous  hydrolysis  with  hydrochloric  and  other  acids  ha 
practiced  by  others  mainly  with  the  idea  of  f  acihtating  exti 
of  the  salicyl  by  those  solvents  suited  for  ordinary  salicyU 
However,  it  must  be  concluded  that  previous  hydrolysis 
necessary  with  the  distillation  method. 


TABLE  I. 

Period  of  Hydrolysis  and  Recovery  of  Salicyl  by  Distillation 


No.  of 
urine  speci- 
men. 

Quantity 
of  urine 
used. 

Period  of 
previous 
hydrolysis. 

Quantity 
of  salicylic 
acid  sti- 
mated. 

Total 
volume  of 
distillate. 

Remarks. 

8-42 
8-42a 

cc. 
100 
50 

hr$. 
i 

None 

gm. 
0.0010 
0.0005 

cc. 

500 

500 

8-39 
8-39a 

50 
50 

1 

None 

0.006 
0.006 

500 
500 

B-2 
B-7 
B-9 

50 
50 
50 

8 
19 
None 

0.023 
0.021 
0.024 

1000 
1000 
1000 

U-1 
U-6 
U-7 

U-9 

50 
50 
50 

50 

None 
4 
4 

None 

0.035 
0.036 
0.035 

None 

500 
500 
500 

500 

Hydrolyzed  wi 
acid. 

Distilled  with 
distillate  gave 
test  for  S04;ve 

8-30 
8-30a 

100 
50 

4 

None 

0.054 
0.027 

500 
500 

11-4 
ll-4a 

100 
100 

1 

None 

0.180 
0.180 

500 
500 

11-7 
ll-7a 

60 
50 

4 

None 

0.366 
0.369 

1000 
500 

Choice  of  Hydrolyzing  Agent. — Either- acids  or  alkalies, 
times  boiling  the  untreated  urine  alone,  will  suffice.  W 
at  once  rule  out  alkalies,  since  it  is  necessary  to  acidify 
distillation  so  as  to  convert  the  salicylate  into  the  volat: 
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sa.licylic  acid.  Volatile  mineral  acids  (HCl  or  HNOs)  cannot  be 
vised  because  they  pass  over  into  the  distillate,  render  it  markedly 
acid,  and  interfere  with  the  colorimetric  estimation.  Sulphuric 
SLcid  cannot  be  used  because  it  is  decomposed  as  the  residue 
becomes  concentrated  and  passes  into  the  distillate.  Phosphoric 
acid  was  found  to  be  most  satisfactory.  About  20  cc.  of  the 
syrupy  variety  (80  per  cent)  are  used,  regardless  of  the  quantity 
of  urine.  A  smaUer  quantity  would  suffice  so  far  as  hydrolysis 
is  concerned,  but  does  not  permit  boiling  of  the  concentrated 
residue,  since  the  quantity  is  not  sufficient  to  cover  the  bottom 
of  the  flask. 

Decomposition  of  Salicylic  Acid  by  Hydrolysis, — This  was 
considered  at  the  outset  improbable,  and  the  data  in  Tables 
J- 1  and  III  show  that  none  occurs.    The  matter  was  tested  out  by 

TABLE  II. 


Effect  of  Time  and  Temperature  of  Hydrolysis  on  Salicylic  Acid. 


Exr>eriment 
Xo. 

Periods  of  hydrolysia. 

Qiiantitv  of 
salicylic  acid 
introduced. 

'  Salicylic  acid  recovered. 

hrs. 

gm. 

gm. 

per  cent 

1 

4 

0.0897 

0.0899 

100 

(Direct  flame) 

2 

4 

0.0898 

0.0899 

100 

(Water  bath) 

3 

2 

0.0987 

0.0977 

99 

(Direct  flame) 

^Vibjecting  known  quantities  of  salicylic  acid  to  hydrolysis  under 
^he  conditions  of  our  method  for  different  periods  of  time  and 
Under  different  temperatures.  Table  II  contains  the  data  from 
^uch  an  experiment.  Other  observations  made  in  various  ways 
Confirm  the  contention  that  no  decomposition  of  salicylic  acid 
Occurs  during  the  periods  of  hydrolysis  under  the  conditions  of 
<:iistillation  here  used.  It  is  known  that  prolonged  slow  distil- 
lation of  salicylic  acid  decomposes  it  into  phenol  and  CO2.  How- 
ever this  is  practically  insignificant  and  occurs  under  entirely 
tJiflferent  conditions  than  obtain  in  our  method. 

Recovery  of  Added  Salicylic  Add  by  Distillation  with  Steam. — 
Known  quantities  of  salicylic  acid  were  added  to  urine,  which 
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was  then  treated  with  phosphoric  acid  and  water  and  subj< 
to  distillation  with  the  aid  of  steam.  Methyl  salicylate 
acetylsalicylic  acid  added  to  urine  were  hydrolyzed  with  BOi 
hydroxide,  the  residues  concentrated,  acid  was  added,  anc 


TABLE  in. 

Recovery  of  Salicylic  Acid  from  Urine  by  Steam  Distillation. 


Amount 
introduced . 

Amount 
recovered. 

Recovery. 

Volume  of 
distillate. 

Remarks. 

Sodium  Salicylate.* 

mg. 

12.5 
12.5 
25.2 
25.2 
89.7 
89.8 
98.7 
789.0 
789.0 
789.0 
863.0 

863.0 

863.0 

mg. 
12.6 
12.5 
25.0 
25.0 
89.8 
89.9 
97.7 
808.0 
792.0 
792.0 
740.0 

820.0 

860.0 

percent 

100.8 
100.0 

99.2 

99.2 
100.0 
100.0 

99.0 
102.4 
100.4 
100.4 

85.7 

95.6 
99.6 

cc. 

1000 
625 
1000 
1000 
500 
500 
500 
1000 
1000 
1000 
500 

1000 

2000 

Distillate  clear  and  colorless 
it         it      it  it 

a            a        a  a 
a            it        a  it 
a            a        a  a 
a            a        a  a 
a            it        it  It 

Distillate  colored  greenish. 

Distillate  colorless. 
it  it 

Crystals  of  salicyl  plugged 
tilling  bulb.  Loss. 

Crystals  in  condenser  anc 
tilling  bulb.  Loss. 

Distillation  kept  up  longer 

Methyl  Salicylate,* 

935.0 
935.0 
935.0 

893.3 
934.4 
934.4 

95.6 
99.9 
99.9 

1000 
1000 
1000 

Distillate  turbid. 

Distillate  clear. 
it  ti 

Acetylsalicylic  Acid.* 

778.2 
778.2 

788.2 
788.2 

101.3 
101.3 

1000 
1000 

Distillate  clear. 

a  it 

*  Calculated  as  salicylic  acid. 


whole  subjected  to  steam  distillation.  Seven  blank  urine 
tained  from  different  individuals  and  with  different  reactions 
also  subjected  to  steam  distillation  in  order  to  exclude  the  i 
biUty  of  contamination  of  the  distillate  and  interference  wit 
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iron  reaction  owing  to  the  possible  presence  of  phenols  and  simi- 
lar products.    It  is  sufficient  to  say  that  distillates  from  these 
and  other  blank  urines  which  we  have  tested  on  other  occasions 
did  not  respond  with  ferric  ammonium  alum  to  any  appreciable 
degree  in  point  of  color  so  as  to  resemble  the  phenol-iron  or 
saUcyl-iron  color.*   The  data  obtained  with  the  salicyl  urines  are 
presented  in  Table  III  and  indicate  an  average  recovery  of  99 
per  cent.    This  shows  that  salicylic  acid  can  be  recovered  quanti- 
tatively by  distillation.   This  is  confirmative  of  Cassal/  who  used 
flistillation  for  the  recovery  of  salicylic  acid  from  aqueous  solutions. 
In  general  not  less  than  0.005  to  0.01  gram  and  no  more  than 
1  gram  can  be  accurately  and  conveniently  recovered  with  the  dis- 
tillation apparatus  used.  The  average  urine  is  within  these  limits; 
probably  feces  and  blood  are  also. 

F^reliminary  Extraction  with  Alcohol. — This  was  practiced  by  Wiley* 
^  a  step  in  the  removal  of  the  salicylates  from  urines  after  evaporation. 
The  procedure  has  been  used  by  others,  and  it  was  also  used  in  some  of  our 
^rlier  work,  mainly  with  the  idea  of  removing  gmnmy  colloidal  materials 
w-hich  are  sometimes  a  troublesome  feature  during  distillation.  How- 
^^^T^  it  has  been  definitely  ascertained  that  alcohol  does  not  completely 
Extract  the  salicylate  from  the  gummy  urinary  residues  in  spite  of  repeated 
Extractions.  Hydrolysis  of  the  alcohol  treated  residues  showed  that  they 
^^^t-ain  salicylic  acid. 

I'his  was  proved  with  different  urines,  treated  exactly  the  same,  in 
following  way:  The  evaporated  urine  was  rubbed  with  fine  sand 
extracted  eight  to  ten  times  repeatedly  with  small  quantities  of  alco- 
(95  i>er  cent)  until  salicyl-free.   The  extracted  sand  residue  was 
^Uo-^ied  to  dry  and  again  extracted,  25  cc.  of  the  alcoholic  extract  were 
^"^B-I^orated,  and  the  iron  test  was  applied.   If  the  test  was  not  positive, 
aame  residue  was  hydrolyzed  as  described  above  and  then  distilled. 
3^Q^e  salicyl  was  estimated  colorimetrically.   The  results  are  presented  in 
^t>le  IV,  and  indicate  that  1  to  8  per  cent  of  salicyl  is  not  extracted  by 
*^<5ohol. 

'^he  Iron  Salicyl  Test. — ^This  consists  of  the  simple  application  of  any 
*^^i^ble  iron  salt  to  the  fluid  containing  the  salicylate.  A  2  per  cent 
^**lution  of  iron  and  ammonium  sulphate  previously  boiled  and  filtered 

^  •  In  Mullikin's  tables  (Identification  of  Pure  Organic  Compounds,  New 
^^'Ic,  1905)  is  given  a  list  of  volatile  substances  which  give  a  pink  to  red 
^*or  with  iron. 

Cassal,  N.  C,  Chem.  News,  1910,  ci,  289. 
•  ^iley,  H.  W.,  U.  S.  Dept.  of  Agriculture,  Bureau  of  Chemistry,  Bull, 
^>   Fit.  ii,  483,  1907. 
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so  that  the  finished  product  is  nearly  colorless  or  possessing  at  most  a 
green  tint  is  the  best.  It  cannot  be  applied  to  body  fluids  (urine)  dir 
when  small  quantities  of  salicyl  are  present.  A  pink  to  violet  color  ret 
depending  upon  the  concentration  of  salicyl.  Phenol  gives  a  purple  c 
but  the  reaction  is  not  nearly  as  delicate.  The  reaction  of  salicyl 
iron  is  due  to  the  presence  of  the  phenolic  group. • 

The  delicacy  of  this  very  simple  test  is  sufficient  for  all  practical 
poses  in  the  quantitative  estimation  of  salicyl  in  body  fluids.  Acco: 
to  Sherman' °  the  delicacy  is  about  1:1,000,000  when  25  cc.  of  the  sol 
are  used.   This  has  been  repeatedly  confirmed  by  us. 

The  Jorissen  Teat  for  Salicyl. — ^This,  according  to  Sherman,'^  is 
delicate  than  the  iron  test,  the  delicacy  amounting  to  about  1 : 3,00( 
and  the  color  produced  is  permanent.   The  test  is  performed  as  fol 
Bring  the  solutioii  to  be  tested  into  a  test-tube,  add  four  to  five  dro 
10  per  cent  sodium  nitrite,  four  to  five  drops  of  50  per  cent  acetic 


TABLE  IV. 

Extraction  of  Salicylate  by  Alcohol  from  Urine. 


Quantity  of  aalicyl  extracted 
with  alcohol. 

Quantity  of  salicyl  left  in 
sand  residue. 

Loss. 

mg. 

mg. 

per  cent 

54.0 

4.6 

8 

53.5 

4.8 

8 

192.0 

2.0 

1 

152.5 

2.7 

1.7 

75.0 

3.6 

5 

80.0 

2.6 

3.2 

and  one  drop  of  1  per  cent  copper  sulphate.  Shake  after  addition  of 
reagent  and  finally  place  in  a  boiling  water  bath  in  such  a  positioe 
the  test  liquid  is  completely  immersed  in  the  boiling  water,  and  all 
stand  for  forty-five  minutes.  Then  remove,  allow  to  cool,  and  exi 
against  a  white  background,  viewing  the  tube  both  vertically  and  hoi 
tally  and  comparing  with  a  blank  test  in  which  the  same  amounts  < 
reagents  have  been  added  to  water. 

Observations  were  made  with  this  test  with  the  idea  of  its  po 
application  to  urine  directly  for  quantitative  purposes.  Otherw 

9  Hopfgartner,  K.,  Monatsh.  f.  Chern.,  1908,  xxix,  689.  Pellet,  H., 
chirn.  anal.  appL,  1901,  vi,  328;  Jour.  Chem.  <Soc.,  AbstractSf  1901,  ] 
Ixxx, 701. 

*o  Sherman,  H.  C,  Methods  of  Organic  Analysis,  London,  2nd  ed 
1912,  378-385. 

Sherman,  loc.  cit.  Jorissen,  A,  Bull,  de  VAcad.  Roy.  des  sc.  Bel\ 
3rd  series,  iii,  259. 
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would  have  practically  no  advantage  over  the  iron  test,  the  delicacy  of 
which  is  quite  as  good.  15  cc.  of  urine  of  a  patient  taking  fairly  large 
doses  of  salicylate  were  treated  according  to  the  directions  with  and  with- 
out the  reagent.  The  specimen  which  contained  the  reagent  became  a 
deep  brown,  the  other  remaining  unchanged  (light  amber) .  The  same  urine 
was  first  decolorized  with  animal  charcoal  and  subjected  to  the  test  with 
the  reagent.  After  heating  only  ten  minutes,  it  became  as  deep  brown  as 
the  non-decolorized  urine.  When  solutions  of  salicylate  in  water  were 
used  with  the  test,  the  characteristic  red  color  was  produced.  The  test  is 
inapplicable  to  salicylate  urine  directly,  since  the  quality  of  the  color  is 
entirely  changed  and  it  was  found  also  that  other  urines  behaved  still  dif- 
ferently. Decolorization  of  the  urine  does  not  help.  To  be  applicable 
At  all,  the  test  would  have  to  be  used  with  distillates  in  the  same  manner 
as  the  iron  test  is  used. 

As  it  consumes  more  time  and  reagents,  and  the  delicacy  is 
practically  no  greater,  the  Jorissen  test  has  no  advantages  to 
offer  over  the  iron  test  for  the  estunation  of  salicyl  in  mine. 

In  this  connection  it  might  be  mentioned  that  the  use  of  Mil- 
Ion's  reagent  would  have  the  same  objection  as  the  Jorissen. 
According  to  Sherman  and  Gross,^^  ^he  dehcacy  is  1:2,000,000. 
It  is  more  time  consiuning  than  the  iron  test,  requiring  forty-five 
minutes  for  the  reaction  to  be  completed,  but  the  color  is  more 
stable. 

Accurdcy  and  Limitations  of  the  Colorimetric  Estimation, — In 
^ur  hands  the  short  50  cc.  Nessler  tube  (10  cm.  length)  proved 
^ore  accurate  than  the  Duboscq  colorimeter  with  5  cm.  cups. 
With  the  Duboscq  instrument  it  was  impossible  to  estimate 
accurately  quantities  of  5  mg.  and  less  of  salicylic  acid  in  500  cc. 
•^aO.  1  mg.  of  saUcyUc  acid  in  500  cc.  of  distilled  water  was  easily 
'^Cognizable  in  the  flask  or  in  the  Nessler  tube,  but  with  the 
■'-^Uboscq  instrument  (5  cm.  cup)  the  solution  appeared  practically 
polorless.  It  is  possible  to  recognize  0.02  mg.  of  salicyHc  acid 
^  So  cc.  H2O  (10  cm.  column  of  fluid)  in  a  Nessler  tube;  untrained 
^^i^kers  in  the  laboratory  had  no  difficulty  in  recognizing  the 
Color  when  0.05  mg.  was  present.  With  very  dilute  solutions, 
^^viivalent  to  0.05  to  0.1  mg.  of  salicylic  acid  in  500  cc.  H2O,  dif- 
^^^nces  of  0.02  to  0.05  mg.  can  be  made  out,  and  with  more  con- 
centrated solutions  diff'erences  of  0.1  mg.  can  be  easily  recognized. 

Sherman,  H.  C,  and  Gross,  A.,  Jour.  Ind.  and  Engin.  Chem.,  1911, 
^ii.  492. 
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Solutions  containing  5  mg.  or  more  are  too  deeply  colored  and  < 
not  permit  of  accurate  estimations. 

It  can  be  concluded  that  practically  no  less  than  0.02  mg.  an  ^^id 
no  more  than  5  mg.  can  be  determined.  This  range  permit^'  ts 
differences  of  0.02  to  0.1  mg.  to  be  recognized  between  solutionsL.^. 

Interference  by  Phenolic  Substances. — With  urines  this  is  iiBzz«- 
significant.  A  large  number  of  nonnsaUcyl  urines  from  differen^zmt 
individuals  were  rendered  acid,  alkaUne,  and  neutral,  and  distiller  -^^d 
with  steam.  In  no  case  did  the  distillate  give  any  appreciabLMI  ^le 
color  with  iron  which  would  indicate  the  presence  of  the  bares^s^ 
traces  of  phenol  or  salicyl.  This  is  somewhat  dififerent  with  feces^ws 
of  certain  individuals,  especially  those  with  intestinal  disorders — s. 
Here  a  trace  of  phenoUc  substances  can  be  found  in  the  distillate^s^. 
Feces  (after  evaporation  to  dryness)  of  normal  individuals  and  ir — -«f 
several  patients  used  in  an  investigation  showed  no  detectabl-H -le 
trace  of  these  substances,  and  wherever  salicyl  was  present  th-^r^e 
reaction  was  practically  uninfluenced.  The  iron-phenol  reactioi:«3n 
is  less  sensitive  than  that  with  salicyl,  and  the  color  obtained 
overshadows  that  obtained  with  phenol.  Extremely  small  quanti: 
ties  of  salicyl  are  found  in  the  feces  of  patients  taking  salicylat  zZ^to 
by  mouth,  owing  to  the  rapid  absorption,  so  that  recovery  froin^^^ 
feces  is  for  all  practical  biological  purposes  unimportant.  Never^^^* 
theless  a  procedure  for  this  is  here  included  for  whatever  wortt 
it  may  have. 

With  difficultly  absorbable  compounds,  such  as  methylenes—^ 
di-salicyUc  acid  or  its  acetyl  derivative,  extraction  from  feces  ^ 
necessary  to  gain  a  proper  idea  of  their  distribution.  For  thL-K^is 
purpose  the  ether  extraction  method  is  used  and  a  colorimetri-  -^^^ 
estimation  of  the  purified  extract  is  made,  using  a  standard  mad*-^^ 
from  the  same  product,  since  the  iron  test  with  some  of  thes*-*^ 
products  gives  a  different  color  from  ordinary  salicylic  acid. 

The  procedures  for  the  quantitative  recovery  of  salicyl  may  norr 
be  described. 

Recovery  from  Urine. — In  order  to  make  a  complete  salic)*"^ 
estimation,  the  urine  is  collected  until  salicyl-free,  when  a  Uttl — 
of  the  voided  specimen  is  extracted  wth  ether  and  te-sted  witlir 
iron.    This  takes  from  four  to  five  days  after  a  full  therapeuti^*^^ 
dose  of  salicylate,  as  indicated  by  certain  work  now  in  progress  i^^^'^ 
the  laboratorv'.    The  total  urines  are  then  combined  into  a  cod 
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D«ite  sample  and  measured.  If  the  urine  is  very  dilute,  it  can 
3  concentrated  by  evaporation  on  a  water  bath  to  about  100  cc, 
Jdng  care  that  it  is  neutral  or  slightly  alkaline.  Ordinarily, 
there  is  moderate  water  ingestion,  hydrolysis  may  be  proceeded 
Lth  directly.  Formerly  we  always  evaporated  the  urine  to  a 
Tupy  consistency  and  extracted  with  alcohol,  but  it  was  found 
at  a  loss  occurs  by  so  doing,  and  it  is  not  necessary.  With 
actional  and  other  small  specimens  which  are  known  to  con- 
in  moderate  or  large  quantities  of  saUcyl,  we  proceed  directly 
Lth  hydrolysis  as  soon  as  the  urine  is  collected  and  measured. 
Hydrolysis  and  Distillation  by  Steam. — 100  cc.  of  the  urine, 
gether'with  20  cc.  of  syrupy  phosphoric  acid  (85  per  cent), 
e  placed  into  an  Erlenmeyer  (Jena)  flask  of  about  450  to  500  cc. 
.pacity,  gently  boiled  over  a  direct  flame,  and  connected  with 
I  attachment  for  conducting  steam  through  its  contents  and  a 
mdenser.  A  distilling  bulb  connects  the  flask  with  the  condenser 
hich  serves  to  carry  the  salicyl-laden  vapors  into  some  suitable 
ceptacle  such  as  a  graduated  flask.  The  distillation  is  kept  up 
itil  one  to  two  drops  of  the  distillate  fail  to  give  a  pink  color 
ith  one  to  two  drops  of  iron  and  ammonium  sulphate. 
Distillation  from  the  start  is  carried  on  nearly  to  dryness  over 
gentle  flame  or  until  the  concentrated  residue  begins  to  foam 
id  give  rise  to  a  fog  within  the  Erlenmeyer  flask.  When  this 
5curs,  the  distillation  is  stopped,  more  water  is  added  to  the 
stilling  flask,  and  the  distillation  is  continued,  the  iron  test 
sing  in  the  meantime  occasionally  applied.  As  soon  as  a  few 
rops  of  the  distiUate  fail  to  give  a  positive  test,  25  cc.  are  distilled 
t  addition  and  again  the  iron  test  is  applied.  If  no  pink  color 
ppears  (indicating  that  less  than  1 : 1,000,000  of  salicyl  is  present), 
ie  distiUation  is  stopped.  The  distillate  should  be  perfectly 
ear,  practically  colorless,  and  possess  a  nearly  neutral  or  a  very 
^ghtly  acid  reaction  to  litmus  paper.  This  is  then  diluted  with 
stilled  water  to  a  definite  volume. 

Colorimetric  Estimation, — For  this  a  standard  is  prepared  by 
living  0.1159  gram  of  dry  sodium  salicylate  in  1  liter  of  dis- 
^  water,  so  that  1  cc.  of  the  standard  represents  0.0001  gram 
I  mg.)  of  salicylic  acid.  The  standard  gives  a  pink  to  violet 
with  iron  and  ammonium  sulphate,  depending  upon  the  con- 
juration of  salicylic  acid  present,  or  quantity  used,  and  re- 
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mains  unchanged  for  about  one  week  under  ordinary  laborat 
conditions. 

The  estimation  is  carried  out  by  taking  a  definite  volurzz^e 

(5  to  10  cc.)  of  the  filtrate,  adding  a  little  (0.1  to  0.5  cc.)  of  t  ^he 

2  per  cent  iron  and  ammonium  sulphate,  diluting  to  50  cc,  a»  'iid 
comparing  with  a  definite  quantity  of  the  standard  diluted  to  50 

cc,  containing  an  equal  quantity  of  iron  and  ammonium  sulpha  

imtil  the  colors  match.  At  first  a  rough  trial  is  made,  the  es —  ti- 
mation  then  being  repeated  at  least  two  times  to  get  the  exa^HCt 
quantities  of  filtrate  and  standard  which  match.  The  matchi  mg 
of  colors  is  conveniently  carried  out  with  the  standard  NeesZMer 
tube  (short  or  long  variety).  As  an  illustration  let  us  suppci:»se 
that  with  the  first  trial,  5  cc  of  filtrate  give  a  color  "somewbm.  at 
more  intense  than  1.5  cc.  of  the  standard. 

In  the  second  and  third  trials  5  cc.  of  filtrate  exactly  match  1  .8 
cc  of  the  standard.    The  accepted  result,  therefore,  is  that  5 
of  filtrate  exactly  match  1.8  cc.  of  standard. 

The  calculation  of  the  results  can  be  better  illustrated  by  »n 
example:  The  total  volume  of  a  specimen  of  urine  is  2,000  c^c. 
100  cc  of  the  urine  which  when  treated  according  to  the  method! 
yielded  a  distillate  of  250  cc.  5  cc.  of  this  distillate  required  %  -8 
cc  of  the  standard  to  match. 

5  cc  of  distillate  required  1.8  cc.  standard  (1  cc=  0.0001  gjrm^'^^^ 
salicylic  acid)  or  0.00018  gram  salicylic  acid. 

250  cc  of  distillate  =  50  X  0.00018  gram  =  0.009  gram  8».li' 
cylic  acid  or  the  quantity  represented  by  100  cc.  of  urine. 
2,000  cc  of  urine  there  would  be  20  X  0.009  =  0.18  gram  salicylic 
acid,  total  recovered. 

Recovery  of  Free  Salicylic  Acid  from  Blood  and  Joint  Fluid. — 17  ^ 
of  this  is  made  in  connection  with  certain  experimental  obs^^' 
vations  in  progress  in  the  laboratory. 

Ether  Extraction. — ^An  ahquot  portion  (25  to  100  cc.) 
the  entire  quantity  of  the  whole  blood  or  fluid  (imclotted) 
taken  and  extracted  with  small  quantities  (15  to  25  cc.)  of  ei\m-^ 
by  gently  rotating  the  separating  funnel  (not  shaking  violent! 
until  two  to  three  drops  of  the  ether  extract  evaporated  on  ^ 
watch  glass  fail  to  give  a  pink  color  with  a  drop  of  iron  and 
monium  sulphate.    Usually  three  to  four  extractions  are  nec€ 
sary.    Great  care  must  be  exercised  as  only  a  small  quanti 
of  salicyl  may  be  present. 
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The  fractional  ether  extracts  are  placed  in  a  glass  evaporating 
dish,  and  the  ether  is  allowed  to  evaporate  spontaneously.  The 
residue  is  treated  with  hot  distilled  water  until  entirely  dissolved, 
taking  care  to  rub  down  the  sides  of  the  dish;  this  is  filtered  and 
the  filter  paper  washed  until  the  washings  fail  to  give  a  pink 
color  with  iron  and  ammonium  sulphate.  This  may  be  further 
purified  by  recrystallization  if  necessary. 

2.  Colarimetric  Estimation, — The  filtrate  is  then  made  up  to 
a  definite  volume  (about  50  cc.)  and  is  ready  for  the  colorimetric 
estimation  as  described  under  Urine. 

Recovery  of  Total  Salicyl  from  Joint  Fluid  and  Blood. — After 
the  free  salicylic  acid  is  extracted,  the  residual  portion  from  the 
separatory  funnel  may  be  used  if  the  material  is  limited.  Whole 
blood  cannot  be  distilled  directly  on  account  of  the  presence  of 
a  large  quantity  of  protein  and  pigment  which  causes  much 
foaming  and  yields  decomposition  products  when  treated  with 
aoid.  These  can  be  completely  removed  by  treatment  with 
etrtyl  alcohol,  zinc  chloride,  and  heat.  Various  other  procedures 
Were  tried  for  the  removal  of  these,  but  unsuccessfuUy. 

Boiling  salicylate  blood,  after  dilution  with  saline,  resulted  in 
al»ut  31  to  69  per  cent  recovery  because  of  the  retention  of  the 
salicylate  by  the  coagulum,  and  this  could  not  be  effectively 
Washed  out.   Treatment  with  ten  to  twenty  volumes  of  either 
absolute  methyl  or  ethyl  alcohol  alone  gave  opaque  filtrates,  and 
when  these  were  distilled  with  acid,  the  distillates  contained 
^uch  flocculent  material,  rendering  quantitative  estimation  of 
salicyl  impossible.    The  use  of  such  metals  as  lead  and  mer- 
for  precipitation  of  proteins  in  the  presence  of  salicylate 
^as  precluded  on  account  of  the  formation  of  insoluble  salicylate 
falts.   Zinc  chloride,  however,  does  not  precipitate  salicylate 
concentrated  or  dilute  solutions,  and  this  can  be  used  to- 
gether with  alcohol  for  the  removal  of  coagulable  proteins  and 
other  materials  in  a  way  similar  to  that  of  Folin  and  Denis  in 
^^eir  method  for  non-protcin  nitrogen.    It  was  found  that  ab- 
^^Ute  ethyl  alcohol  is  no  more  effective  than  the  95  to  98  per  cent, 
that  it  is  necessary  to  heat  finally  with  zinc  chloride  in  order 
I'emove  all  traces  of  proteins  and  other  materials  and  to  pre- 
^^^t  opacity  in  the  filtrate  and  distillate.    With  beef,  human, 
^^cl  dog  blood  methyl  alcohol  gives  a  reddish  extract,  whereas 
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ethyl  alcohol  gave  a  light  pea-green,  apparently  removing  less 
pigment. 

The  method  in  detail  is  as  follows:  15  cc.  of  the  blood  con- 
taining the  salicylate  are  diluted  with  98  per  cent  ethyl  alcobol 
to  150  cc.  and  shaken  vigorously.   After  standing  about  an  hour 
the  mixture  is  filtered.   The  filtrate  has  a  pea-green  color.  lOO 
cc.  of  the  filtrate,  representing  10  cc.  of  the  blood,  are  transferred 
to  a  beaker  and  five  to  six  drops  of  saturated  zinc  chloride  solution 
added.    The  beaker  is  placed  on  an  electric  stove  and  the  con- 
tents are  boiled  gently  until  nearly  all  the  alcohol  is  driven  off. 
Then  a  little  distilled  water  (25  cc.)  is  added  and  the  mixtvire 
concentrated  to  about  one-third  by  boiling,  or  until  the  sides 
of  the  beaker  show  the  presence  of  small  yellowish  oily  droplets. 
Then  the  whole  is  filtered  and  washed  with  hot  water  (three  or 
four  times)  until  salicyl-free  (by  testing  with  iron  alum).  The 
filtrate  should  be  clear  and  colorless.    If  it  is  opaque,  it  may  he 
refiltered.   A  little  water  and  phosphoric  acid  (20  cc.)  are  added 
to  the  filtrate  and  the  whole  is  distilled  and  the  salicyl  estimated 
colorimetrically  in  the  distillate  in  the  same  manner  as  described 
under  Urine. 

As  an  illustration  of  the  results  obtained  when  salicylate  is 
added  to  beef  and  dog  blood,  the  following  may  be  cited:  Wxih 
5  and  6  mg.  quantities,  93  and  95  per  cent,  respectively,  w^re 
recovered;  with  7.5  and  10  mg.  quantities,  95  per  cent  was  X"^ 
covered.    Distillation  of  such  small  quantities  as  5  to  10  roS- 
from  water  alone  yielded  95  per  cent  recovery.    Thus  it  is  se^^ 
that  salicyl  can  be  effectively  removed  from  blood  by  the  meth^^ 
here  described.    Venous  blood  from  patients  taking  full  theJ*^'' 
peutic  doses  of  sodium  salicylate  has  shown  the  presence  of  abo'^^*' 
3  to  6  mg.  in  10  cc. 

By  combining  the  absolute  quantities  of  free  and  combii» 
salicyl,  the  quantity  of  total  salicyl  is  obtained. 

Recovery  from  Feces, — The  moist  feces  are  previously  weiglm^ 
and  mixed  so  as  to  form  a  homogeneous  mass.    An  aliquot  P^^^ 
tion  is  dried  on  a  water  bath  so  that  about  25  to  50  grams  of  dri^^ 
material  is  obtained.    This  is  thoroughly  triturated  (using  ^ 
little  sand  if  necessary),  transferred  to  a  paper  capsule,  and^^^^ 
tracted  in  a  Soxhlet  apparatus  with  a  mixture  of  equal  part-s 
ether  and  ethyl  acetate  until  the  extract  appears  colorless.  Tt^^^^^"""^ 
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removes  neutral  fat,  fatty  acids,  and  some  pigment.  Ethyl 
ai.C5^tate  gives  a  darker  extract  (removal  of  more  pigment)  than 
&i-tiher  ordinary  ether  or  petroleum  ether  alone.    The  ether  ex- 
t-T-^ct  is  discarded^'  and  the  percolation  is  continued  with  98  per 
(jent  alcohol  imtil  salicyl-free.    Considerable  dark  pigment  ap- 
p^ears  in  the  alcohol  extract.    The  alcohol  is  removed  by  boiling 
tlxe  extract  on  an  electric  hot  plate  and  a  little  (20  cc.)  hot  dis- 
tilled water  is  added.    This  results  in  considerable  turbidity, 
riie  mixture  is  now  treated  with  strong  milk  of  lime  so  as  to  re- 
move soaps  and  bile  pigments.    The  saHcyl  is  not  precipitated 
as  the  calcium  salt  is  quite  soluble.    It  is  not  always  possible  to 
remove  the  last  traces  of  pigment.    The  whole  is  now  filtered 
aoid  the  filter  washed  until  salicyl-free.    The  filtrate  is  acidified 
with  phosphoric  acid  and  the  salicyl  of  the  distillate  is  estimated 
colorimetrically  in  the  same  way  as  described  under  Urine.  The 
distillate  should  be  clear,  colorless,  and  practically  free  from 
cloudiness  or  white  particles.    If  present,  these  can  be  filtered 
^ut.   After  the  addition  of  10  to  50  mg.  of  sodium  salicylate 
*o  feces  90  to  95  per  cent  recovery  is  possible.    After  the  adminis- 
tration of  sodium  salicylate  by  mouth,  the  feces,  even  when 
^o'Jected  for  several  (4)  days,  contain  very  little  (10  to  60  mg.) 
^''cyl,  and  sometimes  none  at  all.^* 

BIBLIOGRAPHY. 

^KFEBENCES  TO  THE  UlSTHODS    USED   AND   PROCEDURES  RECOMMENDED  BY  VARIOUfl 
INVE9TIOATORS  IN  CON.VBCTION  WITH  PHARMACOLOGICAL 
AND  SIMILAR  INVESTIGATIONS. 

.  -^^tenrieth,  W.,  and  Warren,  W.  H.,  Laboratory  Manual  for  Detec- 
tion e^f  Poisons  and  Powerful  Drugs,  Philadelphia,  4th  edition,  1915,  p.  72. 
^<=>«:idzynski,  St.,  Arch.  f.  exp^r.  Path.  %i.  PharmakoL,  1897,  xxxviii,  90. 
^^^^dzynski,  St.,  and  Humnicki,  V.,  Anzeiger  Akad.  Wissensch.  Krnknu, 
^1. 

^"^iDois,  W.  L.,  Jour.  Am.  Chem.  Soc,  1907,  xxviii,  161G. 

^>»l3ois,  ibid.,  1907,  xxix,  293. 

^^^lipi,  E.,  Arch.  farm,  therap.,  1907,  xiii,  333. 

"  ^ ^  the  case  of  methyl  salicylate,  and  similar  esters,  it  would  be  advis- 
test  the  ether  extract  with  iron. 
I^he  distillation  method  would,  of  course,  not  apply  to  non-hydrolyz- 
^    Salicyl  compounds  such  as  methylene-di-salicylic  acid.   A  special 
"'^^Hofi  for  this  has  been  worked  out  and  described  in  anotlier  paper. 


180 


Salicylates 


Gaulier,  A.,  Thhae  de  Paris,  1913,  no.  354,  52. 
Hager,  H.,  Handb.  d.  pharmazeutische  Praxis,  Berlin,  1900,  i 
Harry,  F.  T.,  and  Mummery,  W.  II.,  Analyst,  1905,  xxx,  124. 
Harvey,  S.,  Analyst,  1903,  xxviii,  2. 
Kobert,  R.,  Intoxikationen,  Stuttgart,  1906,  i,  138. 
Lagrange,  A.,  Thhse  de  Paris,  1906,  no.  184,  p.  81. 
Lesnik,  M.,  Arch.f.  exper.  Path.  u.  Pharmakol.,  1888,  xxiv,  171 
Stockman,  R.,  Edinburgh  Med.  Jour.,  1006,  n.s.  xx,  103. 
Taffe,  H.,  Bull.  Soc.  chim.  de  Paris^  1902,  3rd  series,  xxvii, 
Vaubcl,  W.,  Die  physikalischcn  und  chcmischen  Methoden  de 
tativcn  Bestimmung  organischer  Verbindungcn,  Berlin,  1902. 
Vitali,  D.,  Jahrb.  d.  Pharm.,  1906,  Ixvi,  472. 
Zcigan,  F.,  Wien.  med.  Presse,  1903,  xliv,  1153. 


THE  NATXJRE  OF  THE  DIETARY  DEFICIENCIES  OF 

RICE.i 


By  E.  V.  McCOLLUM  and  MARGUERITE  DAVIS. 

^From  the  Laboratory  of  Agricultural  Chemistry  of  the  University 
of  Wisconsin f  Madison,) 

(Received  for  publication,  September  1,  1915.) 

In  former  papers  from  this  laboratory  we  have  made  clear  the 
natvire  of  the  dietary  deficiencies  of  the  com  kernel  and  wheat 
temel  as  the  sole  source  of  nutriment  for  growing  animals.^ 

In  the  present  communication  we  present  experimental  data 
stowing  the  specific  properties  of  polished  and  of  impolished  rice 
^  a  food,  and  show  the  supplementary  relationship  between 
these  and  certain  purified  and  naturally  occurring  foodstuffs. 
These  studies,  in  addition  to  extending  our  knowledge  concern- 
ing the  dietary  position  of  rice,  have  contributed  to  our  under- 
standing of  the  factors  involved  in  normal  nutrition,  especially 
as  regards  the  unknown  accessory  constituents  of  the  diet  which 
have  received  so  much  attention  in  recent  years  in  connection  with 
the  ''deficiency  diseases,"  scurv^y  and  beri-beri. 

/.  The  Supplementary  Relationship  between  Polished  Rice  and 
Purified  Foodstuffs, 

Gibson'  found  that  a  partial  compensation  of  the  deficient 
inineral  salt  content  of  a  diet  of  pohshed  rice  did  not  prevent, 
though  it  seemed  to  delay,  the  onset  of  polyneuritis  in  fowls. 
This  is  in  harmony  with  our  results  obtained  with  young  rats 
fed  polished  rice  with  such  salt  additions  (Lot  308,  Chart  1)  as, 

'  Published  with  the  permission  of  the  Director  of  the  Wisconsin  Experi- 
ment Station. 

2  McCollum,  E.  v.,  Jour.  Biol.  Chetn.,  1014,  xix,  323.  Hart,  E.  B.,  and 
McCollum,  E.  v.,  ibid.,  1914,  xix,  373.  McColluin,  E.  V.,  and  Davis,  M., 
ihid.,  1915,  xxi,  179,  615. 

3  Gibson,  R.  B.,  Philippine  Jour.  Sc.,  Section  B,  1913,  viii,  Zo\. 
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from  experience  with  other  rations,  we  know  eUminate 
morganic  portion  of  the  ration  as  a  possible  factor  in  the  fa 
of  these  animals  to  grow.  This  point  is  illustrated  by  LfOt 
Chart  2,  which  received  a  ration  derived  from  milk  po\i 
butter  fat,  and  agar-agar,  to  which  inorganic  additions  ' 
made  which  gave  the  entire  food  mixture  an  inorganic  cod 
closely  similar  to  that  of  polished  rice.  Such  a  modificatio 
this  diet  in  no  way  interfered  with  the  growth  of  young  rai 

Commonly  accepted  standards  regarding  the  protein  req 
ment  during  growth  would  point  to  the  possibility  that  the  fa 
of  young  rats  to  grow  on  polished  rice  with  its  inorganic  deficiei 
corrected  might  perhaps  be  due  to  the  low  protein  content  of 
or  to  its  proteins  being  of  poor  quaUty. 

To  test  this  point  we  fed  Lot  316  (Chart  3)  with  polished 
a  salt  mixture,  together  with  5  per  cent  of  ash-free  egg  albi 
prepared  according  to  the  procedure  described  by  Taylor.* 
adjustment  of  both  the  inorganic  and  protein  portions  of  the 
mixture  produced  no  effect  on  the  well-being  of  the  animals. 
failed  to  make  any  growth,  and  died  within  two  months. 

The  possibility  that  polished  rice  carries  some  toxic  prin 
which  causes  injury  to  the  nervous  system  and  thereby  the  S] 
toms  of  polyneuritis  has  been  urged  by  Caspari  and  Moszko\^ 
If  this  explanation  is  valid  we  might  anticipate  a  noticeable 
provement  in  rats  when  they  receive  a  ration  like  Lot  316  (C 
3),  except  that  the  quantity  of  polished  rice  was  reduced  ni 
one-half,  this  being  replaced  by  dextrin.  The  history  of  Loi 
(Chart  4)  shows  that  this  modification  of  the  diet  had  no  bene 
effect. 

The  addition  of  the  unknown  accessory  present  in  butte 
and  certain  other  fats*  to  a  diet  of  polished  rice  plus  a  salt  mi: 
(Lot  317,  Chart  5)  shows  clearly  that  it  is  not  the  lack  of  this 
stance  which  accounts  for  the  failure  to  grow  and  maintt 

*  Taylor,  A.  E.,  University  of  California  Publications,  Pathology ,  19( 
1,71. 

*  Caspari,  W.,  and  Moszkowski,  M.,  Berl.  kVm.  Wchnschr.j  1913,  1, 
ii,  1515. 

*  McCollum  and  Davis,  Jour.  Biol.  Chem.,  1913,  xv,  167;  1914,  xix 
1915,  xxi,  179;  Proc.  Soc.  Exper.  Biol,  and  Med.,  1914,  xi,  101.  Ost 
T.  B.,  and  Mendel,  L.  B.,  Jour.  Biol.  Chem.,  1913-14,  xvi,  424. 
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good  condition.  There  was  no  improvement  whatever  in  animals 
eating  rice,  salts,  and  butter  fat,  over  those  similarly  fed,  but  with- 
out the  butter  fat. 

In  harmony  with  the  failure  of  purified  egg  albumin  to  supple- 
ment rice  and  salts  (Lot  316,  Chart  3)  is  the  lack  of  benefit  seen 
as  the  result  of  adding  purified  casein  to  rice,  butter  fat,  and  a 
salt  mixture  (LfOt  329,  Chart  6,  Period  1).  Here  again,  lowering 
the  rice  content  of  the  ration  by  nearly  one-half  failed  to  benefit 
the  animals,  and  speaks  against  the  idea  that  rice  is  inherently 
toxic  (Period  2).  The  addition  of  wheat  embryo  to  the  extent 
of  50  per  cent  of  the  food  mixture  (Period  3)  led  to  prompt  growth 
and  prolonged  life. 

Raising  the  protein  content  markedly  by  the  addition  of  casein 
to  the  extent  of  13.4  per  cent  in  a  mixture  of  polished  rice,  casein, 
butter  fat,  and  salts  (Lot  324,  Chart  7,  Period  1)  produced  no 
noticeable  effect  in  inducing  growth.  The  appearance  of  these 
^ats  was  very  miserable.    They  were  rough  coated  and  emaciated. 

Period  2,  5  per  cent  of  lactose  (Merck)  was  introduced  into 
^hc  ration,  replacing  a  portion  of  the  rice,  with  the  result  that  a 
slow  increase  in  body  weight  began  which  continued  over  a 
P^Jiod  of  four  months  with  some  improvement  in  appearance. 

lot  340  (Chart  8)  proved  extremely  interesting.  The  ration 
iifiered  from  Lot  329  (Chart  6)  only  in  having  10  per  cent  of 
^lerck's  lactose  replace  an  equivalent  amount  of  polished  rice. 
There  was  a  marked  improvement,  and  slow  growth  during  two 
three  months,  showing  that  lactose  of  the  purity  of  the  ordi- 
^^ry  reagent  still  carries  some  substance  having  a  marked  influ- 
ence in  promoting  growth  in  a  diet  of  polished  rice  supplemented 
^th  purified  protein,  salts,  and  butter  fat. 

In  Lot  309  (Chart  9),  whose  ration  consisted  of  polished  rice 
^^pplemented  with  purified  foodstuffs  (casein,  butter  fat,  salts, 
^^xtrin)  but  contained  2.6  per  cent  of  commercial  lactose  of  un- 
sown purity,  the  animals  showed  decided  improvement  over 
^ts  which  received  similar  additions  to  rice,  but  without  the 
Setose.    One  vigorous  animal  reached  nearly  half  the  normal 
^^uJt  size  and  maintained  this  weight  until  he  was  five  months 
^^cl.     This  result  is  without  doubt  to  be  explained  by  the  fact 
^^t;  the  lactose  was  not  very  pure.   By  including  10  per  cent  of 
^^^ok's  lactose  in  the  ration  the  vigorous  rat  just  referred 
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to  was  kept  from  losing  weight  until  he  was  nine  months  «z> 
(Period  2). 

Lot  382  (Chart  10)  illustrates  the  fact  that  certain  preparation 
of  lactose  are  by  no  means  as  efficient  as  others  in  promotfj 
growth  when  added  to  rations  of  polished  rice  supplemented  writ 
casein,  salts,  and  butter  fat.  This  preparation  of  Merck's  lactot 
did  not  improve  the  well-being  of  the  animals  as  have  some  otli€ 
preparations.  Sweet,  Corson-White,  and  Saxon^  in  their  studies  o 
diet  in  relation  to  tumor  growth,  have  called  attention  to  similf 
differences  in  the  dietary  effects  of  different  samples  of  lactose. 

Lot  351  (Chart  11)  obtained  all  its  protein  from  71.4  per  cei 
of  polished  rice.    It  seems  probable  that  the  failure  of  20 
cent  of  Merck's  lactose  to  induce  growth  in  this  instance  was  "tl 
result,  in  part,  of  the  low  protein  content  of  the  diet. 

The  performance  of  Lot  355  (Chart  12)  makes  it  clear  that  'fcl 
effect  produced  by  lactose  in  certain  of  the  rations  previous 
described,  is  not  due  to  its  containing  the  same  accessory  sxx^ 
stance  as  is  carried  by  butter  fat.  This  lot  was  given  a  rati<^ 
which  contained  20  per  cent  of  butter  fat  without  any  apparel 
benefit  from  this  generous  supply  of  this  unknown  factor.  Ti 
experiments  already  described  force  us  to  accept  the  conclusi^ 
that  there  are  necessary  for  normal  nutrition  during  growth 
classes  of  unknown  accessory  suhstanceSy  one  soluble  in  fats  and  ^ 
companying  these  in  the  process  of  isolation  of  fats  from  cert^^* 
foodstuffs^  and  the  other  soluble  in  water,  but  apparently  not  in  fc^ 
It  will  be  shown  later  that  the  water-soluble  accessory  is  also  sol^ 
ble  in  alcohol.  The  latter  substance  is  present  in  milk  and 
removed  from  milk  sugar  only  by  thorough  crystallization 
Stepp  has  expressed  the  belief  that  there  is  more  than  a  single  cl^ 
of  unknown  accessory  substances  necessary  for  prolonged  m£ti^ 
tenance  of  an  animal,  but  he  employed  only  solvents  for  f:-' 
lipoids  in  preparing  his  foodstuffs. 

The  curves  of  Lot  326  (Chart  13)  are  offered  in  further  supp^ 
of  our  contention  that  milk  sugar  of  the  ordinary  purity  may 
contaminated  with  sufficient  of  the  water-soluble  growth-prom^ 
ing  accessory  to  cause  pronounced  increase  in  body  weight 
animals  whose  ration  is  adeciuate  except  for  this  factor. 


'  Sweet,  J.  E..  Corson-Whito,  IC.  P.,  and  Saxon,  G.  J.,  Jour.  Biol.  Chi 
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The  records  of  Lot  383  (Chart  14)  are  in  marked  contrast  to 
Lote  329,  324,  355,  and  326  (Charts  6,  7,  12,  13)  aU  of  which 
make  it  evident  that  purified  proteins,  fats  having  the  growth- 
promoting  property,  and  salt  mixtures  of  appropriate  composition, 
cannot  adequately  supplement  polished  rice  so  as  to  produce  a  diet 
which  will  support  growth.  These  curves  (Lot  383)  reveal  the 
fact  that  unpolished  rice  is  so  supplemented  by  additions  of  puri- 
fied foodstuffs  as  to  make  a  food  mixture  which  supports  normal 
growth.  In  this  respect  unpolished  rice  is  like  whole  wheat, 
which  we  have  previously  shown*  is  completely  supplemented  by 
casein,  salts,  and  butter  fat,  so  as  to  produce  normal  growth, 
reproduction,  and  rearing  of  the  young. 

^f.  The  Supplementary  Relationship  between  Polished  Rice  and 
Certain  Naturally  Occurring  Foodstuffs. 

We  have  as  yet  made  no  experiments  with  isolated  rice  fats, 
l>ut  a  consideration  of  the  curves  of  Lots  396,  392,  and  395,  Charts 
15,  16,  and  17,  indicates  that  the  fats  of  rice  dp  not  contain  much 
if  any  of  the  fat-soluble  accessory  essential  for  growth.  Lot 
^96  (Chart  15)  was  fed  a  mixture  of  rice  58  grams,  rice  polishings 
*W)  grams,  and  Ca  lactate  2  grams.    The  curves  show  that  rice 
polishings  in  amount  sufficient  to  furnish  about  5  per  cent  fat 
do  not  supply  enough  of  this  accessory  to  permit  of  any  growth. 
Prom  the  results  of  feeding  unpolished  rice,  Lot  383  (Chart  14), 
It  is  evident  that  rice  polishings  carry  the  water-soluble  accessory; 
but  without  the  addition  of  the  fat-soluble  accessory  in  the  form 
^f  butter  fat  we  have  not  secured  growth  on  rations  composed 
^f  mixtures  of  polished  rice  and  rice  polishings  with  appropriate 
^It  additions.    (Compare  Charts  8  and  9,  in  the  following  paper.) 
Lot  392  (Chart  16)  illustrates  the  fact  that  there  is  nothing 
appreciably  toxic  in  rice  polishings,  even  when  fed  alone*  with 
the  addition  of  a  small  amount  of  calcium  lactate.    This  ration 
carried  about  12  per  cent  of  rice  fats,  and  since  there  was  a  slight 
increase  in  body  weight  in  each  case  it  would  appear  that  there 
IS  a  very  small  amount  of  the  fat-soluble  accessory  present,  l)ut 
that  the  amount  is  inadequate. 

•McCoUum  and  Davis,  Jour.  Biol.  Chern.,  1915,  xxi,  643. 
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The  nearly  normal  rate  of  growth  on  a  mixture  of  polish^ 
rice  82,  rice  polishings  10,  butter  fat  5,  and  a  salt  mixture  3 
cent  (Lot  395,  Chart  17)  points  again,  especially  in  connecti  «z>2i 
with  Charts  15  and  16,  to  the  belief  that  rice  polishings,  whL  d 
carry  most  of  the  fat  from  the  rice  kernel,  do  not  provide  the  fsa.  In- 
soluble accessory  in  amount  essential  for  growth.  Here  aga^i^n 
we  have  definite  evidence  that  rice  polishings  contain  the  wat^^r- 
soluble  accessory. 

Excellent  growth  with  reproduction  has  been  obtained  on  ^ 
monotonous  mixture  of  polished  rice  80  and  desiccated  egg  ^2C 
per  cent  (Lot  311,  Chart  18).  This  shows  that  the  egg  contaL-»^s 
both  the  fat-  and  water-soluble  accessories.  This  result  is  furtl»-  «^ 
confirmed  by  the  fact  that  egg  yolk  alone  will  induce  good  grow^it-h 
in  young  rats.^  Attention  should  be  called  to  the  fact  that  ho^^^ 
whole  egg  and  polished  rice  are  among  the  natural  foodstu:^*^^ 
carrying  an  excess  of  potential  acidity  in  their  mineral  conter^'*^  - 

Regarding  the  minunum  amount  of  egg  which  must  be  add^s<i 
to  polished  rice  in  order  to  supply  the  two  classes  of  accesso 
substances  in  amount  sufficient  for  growth,  little  can  be  said 
present.    Chart  19,  Lot  323,  Period  1,  shows  that  5  per  ce:^^'* 
of  desiccated  egg  is  not  a  sufficient  quantity  for  this  purpo^-  ^  * 
(The  low  protein  content  of  this  ration  w^as  not  the  cause  of  failu 
to  grow.    Sec  Chart  33,  Lot  381,  and  Chart  20,  Lot  337.)  Sin-^=^^ 
in  Period  2  these  rats  received  a  ration  (Ration  312)  which  carri^^^ 
a  mineral  content  closely  similar  to  polished  rice,  the  inorgaik^ 
factor  is  eUminated  as  a  possible  cause  for  failure  of  the  ra 
to  grow  in  Period  1. 

That  5  per  cent  of  desiccated  egg  does  supply  enough  of  the  fa- 
soluble  accessory  is  shown  by  the  curves  of  Lot  337  (Chart 
where  the  rice-egg  mixture  was  supplemented  by  10  grams 
lactose  per  100  of  ration  (Period  2).   Growth  was  secured  throug 
the  added  amount  of  the  water-soluble  accessory  contained 
the  lactose.    In  Lot  323  (Chart  19),  therefore,  the  failure  of 
per  cent  of  desiccated  egg  to  induce  growth  was  apparently  du 
to  its  inadequate  content  of  water-soluble  accessory. 

The  failure  of  certain  combinations  of  natural  foodstuffs  t--- 
induce  growth  because  of  a  deficiency  of  one  or  both  of  the  acce 
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ry  substances  is  further  illustrated  by  Lot  354  (Chart  21) 
fcuch  was  fed  a  mixture  of  polished  rice  82.4,  wheat  embryo  13.3 
^r  cent,  and  a  salt  mixture  4.3  per  cent.  No  appreciable  amount 
.  growth  could  be  secured  with  this  ration,  the  reason  being  that 
>t  sufl5cient  fat-soluble  accessory  was  present.  The  same  ra- 
with  5  per  cent  of  butter  fat  replacing  an  equivalent  amount 
rice  (Lot  339,  Chart  31)  induced  normal  growth  and  supported 
production,  and  certain  young  from  these  rats  are  still  thriving 
i  this. ration. 

In  a  previous  paper  we  have  given  evidence  that  the  fat-soluble 
'cessory  is  carried  by  wheat  embryo.^®  This  material  contains 
>out  10  per  cent  of  oil.  In  Lot  369  (Chart  22)  which  was  fed 
>  per  cent  of  wheat  embryo  with  poUshed  rice  and  salts  there  was 
rnished  by  the  ration  enough  of  the  fat-soluble  accessory  to 
Lpport  growth  for  a  time  at  somewhat  below  the  normal  rate. 
Wheat  embryo  contains  a  high  content  of  the  water-soluble 
^cessory.  This  is  shown  by  the  curves  of  Lot  377  (Chart  23). 
ven  2  per  cent  of  wheat  embryo  with  rice,  salts,  and  butter  fat 
duces  a  fair  amount  of  growth  (Period  1).  The  rate  of  growth 
as  limited  by  the  protein  content  and  not  by  a  lack  of  water- 
iuble  accessory,  since  the  addition  of  5  per  cent  of  casein  in 
^riod  2  led  to  much  more  rapid  growth. 
Skim  milk  powder  (Merrill-Soule)  is  also  very  rich  in  the  water- 
luble  accessory,  since  in  combination  with  polished  rice  2  per 
Tkt,  of  milk  powder  supplies  enough  of  this  substance  for  nearly 
^rmal  growth  (Lot  378,  Chart  24). 

MTien  4  per  cent  of  wheat  embry^o  is  combined  with  poUshed 
-e,  salts,  and  butter  fat,  Lot  360  (Chart*  25),  the  condition  and 
of  growth  of  the  rats  were  noticeably  better  than  of  those 
^ich  received  only  2  per  cent  of  the  embryo.    This  may  reason- 
be  assigned  to  the  slightly  higher  protein  content  of  the  ra- 
of  the  lot  which  received  4  per  cent  of  wheat  embryo  addi- 
rather  than  to  the  higher  content  of  water-soluble  accessory. 
^t^h  these  factors  may,  however,  have  operated  to  induce  this 
^Valt.   The  improvement  of  Lot  361  (Chart  26)  which  was  fed 
^^r  cent  milk  powder  with  polished  rice,  salts,  and  butter  fat 
received  all  their  water-soluble  accessory  from  4  per  cent  of 

*  ^McCollum  and  Davis,  Jour.  Biol.  Chem.,  1915,  xxi,  179. 
See  also  Chart  4,  ibid.,  1915,  xxiii,  231. 
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skim  milk  powder),  over  Lot  378  (Chart  24)  is  probably  to  be 
similarly  accounted  for.  Both  in  Lots  377  and  378  the  protein 
content  was  somewhat  too  low  to  admit  of  growth  at  the  maxi- 
mum rate. 

With  certain  mixtures  of  polished  rice  and  wheat  embryo, 
supplemented  with  salt  additions  and  added  fatnsoluble  acces- 
sory (in  butter  fat)  very  vigorous  growth  may  take  place.  Lo 
350  (Chart  27)  which  was  fed  82.7  per  cent  of  polished  rice  ai^ 
8  per  cent  of  wheat  embryo  is  an  illustration.  Since  we  ha^ 
shown  that  the  fat-soluble  accessory  is  found  in  the  plant  kin 
.  dom,^2  it  is  evident  that,  emplojang  the  knowledge  which  we  ha^ 
at  the  present  time,  it  should  be  possible  to  compound  ration: 
strictly  of  vegetable  origin  which  will  induce  perfectly  nornaB 
nutrition.  Experiments  in  this  direction  will  be  reported  on  lat^ 
In  order  to  determine  the  distribution  of  the  water-soluh3 
accessory  in  the  wheat  kernel  we  tried  feeding  poUshed  rice  wi  ^ 
8  per  cent  of  wheat  bran  plus  salt  and  butter  fat  additions  (L-^ 
357,  Chart  28).  We  learned,  however,  that  conmiercial  whe^ 
bran  always  contains  a  small  amount  of  the  embryo,  and  sin^ 
there  arc  still  no  data  showing  the  efficiency  of  the  proteins  of  th^ 
bran  in  supplementing  the  protein  of  polished  rice  for  growth  ^ 
is  not  possible  to  say  definitely  whether  or  not  the  water-solub^ 
accessory  is  limited  to  the  embryo.  The  results  of  studying  iiv 
curative  power  of  rice  polishings  in  polyneuritis  throw  no  Ught  oT 
the  distribution  of  the  curative  agent  in  the  seed,  since  in  remov- 
ing the  bran  layer  of  rice  the  exposed  embryo  of  the  seed  is  also 
removed.  Rice  polishings  consist  of  a  mixture  of  bran  and 
embryo,  and  it  is  not  improbable  that  the  widespread  view  that 
it  is  the  bran  layer  of  rice  which  contains  the  curative  power  may 
be  erroneous.  It  seems  to  us  that  the  experience  of  investigators 
that  doses  of  extract  of  rice  poHshings  equivalent  to  10  grams  of 
the  polishings  arc  necessaiy  to  produce  noticeable  curative  effect 
on  fowls,  points  to  the  belief  that  the  enibrv'o  portion  of  the  polish- 
ings is  the  source  of  the  active  principle.  Wheat  bran  8  per  cent 
is  no  more  efficient  than  wheat  embryo  4  per  cent  in  promoting 
growth  (Lots  357  and  3G0,  Charts  28  and  25).  Since  10  grams 
of  wheat  embryo  added  to  500  grams  of  a  ration  of  rice,  salts 
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^^in,  and  butter  fat  will  induce  good  growth,  it  seems  highly 
probable  that  the  growth-promoting  substance  (water-soluble 
Accessory)  is  concentrated  in  the  embryo.  We  are  studying  this 
Question  further. 

A  high  content  of  polished  rice  in  the  diet  is  not  at  all  injurious 
to  animals,  provided  the  diet  contains  suitable  supplementary 
additions.    Lot  310  (Chart  29)  received  85  per  cent  polished  rice 
with  8  per  cent  milk  powder,  salts,  and  butter  fat,  and  has  grown 
and  remained  in  good  condition  during  eight  months.    The  low 
protein  content  of  this  diet  probably  accounts  for  their  failure 
to  reach  the  normal  adult  size  and  to  reproduce.    This  view  is 
supported  by  the  behavior  of  Lot  335  (Chart  30)  in  which  the 
rnilk  powder  was  added  to  the  extent  of  15  per  cent,  but  the 
ration  was  otherwise  like  the  preceding  (Lot  310).    Here  growth 
axid  well-being  have  been  good,  as  is  attested  by  the  rapid  rate  of 
growth  and  repeated  reproduction,  in  one  case  to  the  third 
generation.    The  mortality  of  the  young  was  somewhat  high, 
a  fact  for  which  we  have  as  yet  no  adequate  explanation,  but  the 
ration  is  apparently  adequate  for  growth  in  the  second  generation, 
some  of  the  curves  of  which  are  shown  (Chart  30).  Satisfactory 
growth  we  have  shown  is  no  criterion  that  the  ration  will  be  ade- 
ciuate  for  reproduction.  When  the  wheat  embryo  was  increased  to 
^3,3  per  cent  of  the  food  mixture  in  a  diet  of  rice  77.4,  wheat 
embryo  13.3,  butter  fat  5,  and  salts  4.3  per  cent  (Lot  339,  Chart  31), 
the  addition  of  the  water-soluble  accessorj'^  and  adequate  protein 
supplementing  was  accomphshed  and  nutrition  was  close  to  normal. 
When  one  considers  that  this  ration,  which  carried  only  about 
10  per  cent  of  protein  supported  normal  growth  and  repeated  re- 
production in  these  females,  it  must  be  admitted  that  wheat 
embr>'o  in  the  proper  amount  supplements  polished  rice  ver\' 
satisfactorily. 

///.  The  Supplementary  Relationship  Between  Certain  Extracts  of 
Naturally  Occurring  Foodstuffs  and  Polished  Rice. 

Among  all  the  naturally  occurring  foodstuffs,  the  yolk  of  a 
boiled  egg  yields,  we  believe,  the  smallest  amount  of  water-soluble 
organic  matter.  The  proteins  are  rendered  insolul)le  l^y  coagula- 
tion during  heating,  the  fats  are  not  soluble  in  appreciable  degree 
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in  water,  and  any  emulsified  fats  in  the  water  extract  are  eag     g  ily 
removed  by  ether.   There  are  no  appreciable  amounts  of  car  Tt3o- 
hydrates.   Since  egg  yolk  is  highly  efficient  in  inducing  grow*"^  lb 
it  should  on  extraction  with  water  yield  the  water-soluble  ac(3^ss- 
sory  contaminated  with  some  inorganic  salts  and  but  a  sli^gJjt 
amount  of  organic  impurities.   That  such  is  the  case  is  ma-^e 
clear  by  the  curves  of  Lot  367  (Chart  32)  which  was  fed  Rati<z>n 
324  (Chart  7),  but  in  addition  the  water  extract  of  6.4  gram*  C3f 
dry  boiled  egg  yolk  per  100  grams  of  ration.   These  rats  mai.<rle 
vigorous  growth  with  this  addition,  while  the  same  ration  wi^fc- 
out  the  extract  produced  no  growth  whatever.   200  grams 
dry  egg  yolk  extracted  with  800  cc.  of  water  in  successive  sn^^^ll 
portions  yielded  after  removal  of  the  emulsified  fat  only  4.5  gra-xra:^ 
of  water-soluble  substances,  mostly  inorganic  salts.    That  t  Ira.  is 
small  amount  of  material  rendered  3.12  kg.  of  ration  efficie^*^* 
for  growth  shows  how  sUght  must  be  the  quantity  of  acti^*"^ 
principle  necessary  for  normal  nutrition.   The  temporary  fall 
body  weight  of  these  rats  after  five  weeks'  feeding  with  the 
tract  was  caused  by  the  employment  at  that  point  of  an  extr»t-^ 
made  from  egg  yolk  which  had  undergone  some  bacterial  deco:*:^^^" 
position  owing  to  the  steam  having  been  turned  off  the  dryi:x^8 
oven  for  a  time  while  the  yolks  were  being  dried.   On  substitutL:3t^  ^ 
a  new  preparation  of  extract  from  untainted  yolks  growth  was 
once  renewed. 

The  stimulating  effect  of  water  extract  of  boiled  egg  yolk 
growth  is  again  shown  in  the  records  of  Lot  381  (Chart  33). 
Period  1,  during  five  weeks  growth  proceeded  on  a  ration  of  ri 
88,  butter  fat  5,  and  salts  3  per  cent,  together  with  4  grams 
dextrin  upon  which  the  water  extract  of  8  grams  of  dried  boil- 
egg  yolk  had  been  evaporated.    All  the  protein  of  this  rati^ 
(5.8  per  cent)  was  fmnished  by  its  content  of  88  per  cent 
rice.    In  the  second  period  the  hot  water  extract  of  5  grams  whe 
embryo  per  100  of  ration  was  employed  to  furnish  the  water-sol' 
ble  accessoiy.    With  these  extracts  growth  was  continued 
three  months.    There  was  added  from  wheat  embryo  0.036 
gram  of  nitrogen  per  100  grams  of  ration,  or  about  3.27  per  cen^ —  ^ 
of  the  total  nitrogen  content  of  the  ration  from  this  source.    TbT" — 
preparation  and  description  of  the  extracts  of  egg  yolk  and  whe 
embr>''o  employed  in  this  paper  are  described  on  pp.  193-194. 
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The  ready  solubility  of  the  unknown  accessory  in  water  is  shown 
V>y  the  extremely  rapid  growth  of  Lot  401  (Chart  36).  This 
wtMon  differed  essentially  from  that  of  Lot  324  (Chart  7),  which 
does  not  support  growth,  only  in  containing  the  water  extract 
of  15.9  grams  of  wheat  embryo  per  100  of  ration.  The  water 
extract  added  to  this  ration  is  much  higher  than  is  essential  for 
growth.  This  is  shown  by  the  curves  of  Lot  385  (Chart  35) 
whose  ration  was  identical  with  the  preceding  one,  except  that  it 
contained  the  water  extract  of  only  5  grams  of  wheat  embryo 
per  100  grams  of  ration.  Even  here  the  growth  is  somewhat 
more  rapid  than  the  normal  expectation. 

The  growth-promoting  accessory  hitherto  referred  to  as  the 
water-soluble  accessory  is  soluble  in  alcohol  as  well.   Lot  399 
(Chart  38)  illustrates  in  a  striking  manner  the  stimulating  action 
on  growth  of  a  small  amount  of  the  material  extracted  from  wheat 
embryo  by  boiling  acidified  90  per  cent  alcohol.    It  should  be 
I'eraembered  that  this  ration  without  water  or  alcohol  extract 
^^ditions  does  not  support  growth.   The  hot,  acidified  alcoholic 
extract  of  10  grams  of  wheat  embryo  included  in  each  100  grams 
ration,  induced  growth  at  a  rate  much  faster  than  the  normal. 
P^ly  about  1.40  per  cent  of  the  nitrogen  of  the  ration  was  added 
the  alcoholic  extract. 
Lot  400  (Chart  39)  received  a  ration  of  the  same  character  as 
the  preceding,  but  with  the  hot  acidified  alcohol  extract  of  5 
^**^rns  of  wheat  embryo  per  100  grams  of  ration.   The  growth  of 
*-*^ese  rats  was  distinctly  slower  than  that  of  Lot  399  (Chart  38), 
^t  still  somewhat  faster  than  the  normal  expectation.  Growth 
^P>J>ear8  to  be,  within  certain  limits  at  least,  dependent  upon  the 
^^ount  of  the  accessory  present. 

^5  per  cent  alcohol  without  the  addition  of  acids  readily  ex- 
,  ^^C5t8  the  water-soluble  accessory  from  wheat  embryo.  This 
^hown  by  the  curves  of  growth  of  Lot  386  (Chart  40)  whose  ra- 
contained  the  alcoholic  extract  of  10  grams  of  wheat  embryo 
100  of  ration.    0.018  gram  of  nitrogen,  equivalent  to  about 
per  cent  of  the  total  nitrogen  of  the  diet,  was  in  this  ration 
^^^^^ved  from  the  wheat  embryo  extract.    The  addition  of  more 
^  *^^ogen  to  this  ration  in  the  form  of  pure  protein  would  have  no 
^^^«t  in  inducing  growth. 

-*^V.cetone  likewise  extracts  to  some  extent  from  wheat  embryo 
active  principle  contained  in  the  water  and  alcohol  extracts. 
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Lot  387  (Chart  41)  grew  on  a  ration  similar  to  the  ones  we  hi 
employed  in  the  work  with  other  extracts.  Acetone  is,  h( 
ever,  not  as  good  a  solvent  for  the  active  principle  as  is  water 
alcohol.  Our  experience  confirms  the  observation  of  Step 
that  certain  accessories  essential  for  growth  are  soluble  in  so 
degree  in  acetone. 

The  studies  of  the  dietary  deficiencies  of  rice  which  we  hi 
described  in  this  paper  illustrate  a  method  of  procedure  wh 
yields  valuable  information  of  a  kind  which  has  not  hitherto  b< 
available,  concerning  the  supplementary  relationship  betw< 
rice  and  a  number  of  the  proximate  constituents  of  foodstu 
and  between  rice  and  certain  naturally  occurring  food  substanc 
Such  knowledge  when  available  for  a  wide  variety  of  foodsti 
must,  we  believe,  \yQ  of  great  value  in  the  formulation  of.  hun 
dietaries  which  will  promote  health.  Furthermore,  it  must  p 
duce  far  reaching  economic  improvement  in  the  feeding  of  fa 
animals.  When  we  see  that  a  ration  carrying  as  low  as  10  per  c 
of  protein  (Lot  339,  Chart  31)  and  this  derived  entirely  from  ve 
table  sources  can  serve  to  support  vigorous  growth  when  sup] 
mented  adequately  by  one  of  the  growth-promoting  fats  and 
inorganic  salt  mixture,  we  must  realize  the  great  possible  sav 
in  the  cost  of  feeding  animals  when  it  becomes  known  just  wh 
the  favorable  combinations  of  protein  lie.  This  combination 
rice  and  wheat  embryo  fed  without  a  fat  of  the  growth-promot 
group  would  have  been  pronounced  a  failure  as  a  diet.  Then 
presented  here  convincing  evidence  that  the  older  practice 
experimenting  with  combinations  of  natural  foodstuffs  is  i 
searching  enough  in  character  to  reveal  any  of  the  fundamer 
principles  of  nutrition  or  to  lead  to  the  acquisition  of  the  k 
of  knowledge  of  the  specific  properties  of  our  naturally  occurr 
foods,  which  could  lay  the  foundation  of  a  system  of  feed 
based  upon  scientific  principles. 

SUMMARY  OF  CONCLUSIONS. 

1.  Polished  rice  cannot  be  supplemented  so  as  to  produc( 
ration  which  will  induce  growth  by  the  addition  of  purified  p 
tein,  fats  which  possess  the  growth-promoting  property,  and  ? 
additions. 

"  Stepp,  W.,  Ztschr.  f.  BioL,  1913,  Ixii,  405. 
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2.  The  inorganic  content  of  polished  rice  has  been  closely  imi- 
tated by  suitable  additions  of  salts  and  free  mineral  acids  in  a 
ration  derived  from  milk  powder  and  dextrin  and  in  one  from 
desiccated  egg  and  dextrin,  without  causing  any  loss  of  growth- 
promoting  power  of  the  food  mixture. 

3.  Polished  rice  does  not  exert  a  toxic  effect  on  animals  even 
when  it  constitutes  as  much  as  80-90  per  cent  of  the  food  mixture. 
Simple  mixtures  of  rice  and  egg,  rice  and  milk  powder,  rice  and 
wheat  embryo,  carrying  such  a  content  of  rice,  have  proven 
perfectly  satisfactory  for  growth  and  for  prolonged  well-being. 

4.  The  addition  of  quantities  of  wheat  embryo  or  of  milk  pow- 
der as  small  as  2  per  cent  of  the  food  mixture,  consisting  aside 
frorn  these  constituents,  of  polished  rice,  casein,  salts,  and  butter 
f^t;,  furnishes  enough  of  an  essential  accessory  to  induce  growth. 

5.  The  essential  accessory  aside  from  that  carried  by  butter 
fa-t  is  present  in  water  and  in  alcoholic  extracts  of  wheat  embryo 
and  of  egg  yolk. 

6.  The  accessory  substance  which  is  soluble  in  water  and  in 
alcohol  is  stable  to  heat.  Prolonged  boiling  does  not  injure  it 
to  a  noticeable  degree. 

7.  The  amoimts  of  water  extract  (freed  from  protein  by  coagula- 
tion) which  we  have  found  necessary  to  supply  enough  of  the 
^a,ter-soluble  accessory  to  induce  normal  growth,  carry  nitrogen 
equivalent  to  about  1.0  per  cent  of  the  total  nitrogen  of  the  ration. 
Ajxiounts  of  alcoholic  extract  of  wheat  embryo  carrying  as  little 
as  0.6  gram  of  solids,  and  0.0095  gram  N  =  0.33  per  cent  of  the 
to-tal  nitrogen  of  the  ration  suffice  to  induce  normal  growth. 

8.  The  water-soluble  accessory  is  not  the  same  one  as  is  fur- 
'lished  by  butter  fat.  20  per  cent  of  butter  fat  addition  does 
^oti  induce  any  growth  unless  the  other  accessory  is  supplied. 

Polished  rice  and  salts,  together  with  sufficient  wheat  em- 
br-yo  to  supply  liberal  protein  and  water-soluble  accessory  addi- 
tions, do  not  support  growth.  The  fat-soluble  accessory  must 
likewise  be  supplied  before  growth  can  proceed. 

Preparation  of  Extracts  Employed  in  the  Rations. 

^ '  The  Cold  Water  Extract  of  Wheat  Embryo. — 400  gm.  of  wheat  embryo 
'^^ re  stirred  up  with  4  liters  of  water  and  allowed  to  stand  with  occasional 
8tii"rit|g  for  one  hour.   The  solution  was  then  separated  from  the  solids 


^  JOUBKAL  OF  mOLOGICAL  CHBMI8TRT,  VOL.  XXUX,  MO.  1 


194 


Dietary  Dejficiencies  of  Rice 


left  undissolved  by  centrifugation.  The  solution  was  then  acidified  with 
acetic  acid  and  boiled  to  coagulate  the  proteins.  The  coagulum  was  fil- 
tered off  on  a  paper  pulp  filter  with  suction,  and  evaporated  on  200  gm. 
of  dextrin.  The  dextrin  was  ground  when  dry.  About  77  gm.  of  solids 
were  extracted  from  400  gm.  of  embryo. 

f.  The  Hoi  Water  Extract  of  Wheat  Embryo,— The  procedure  differed 
from  the  preceding  only  in  that  the  water  was  heated  to  boiling  and  the 
embryo  slowly  stirred  in.  Acetic  acid  was  then  added  to  induce  coagula- 
tion of  the  proteins.  The  solution  was  allowed  to  cool,  then  centri- 
fugated,  the  liquid  filtered  and  evaporated  on  dextrin  as  in  the  case  of  the 
cold  water  extract.  About  95  gm.  of  solids  were  in  this  manner  extracte^^^ 
from  400  gm.  of  embryo. 

5.  96  Per  Cent  Alcoholic  Extract  of  Wheat  Embryo.— -Whe&t  embryo  w^^^ 
extracted  for  eight  hours  with  95  per  cent  alcohol,  in  a  continuous  extrsu_  c- 
tion  apparatus.  The  alcohol  together  with  sugars,  fats,  etc.,  in  the  fl« 'm  \, 
was  then  placed  on  dextrin  and  the  solvent  was  evaporated.  Aboir'^z:.  8 
gm.  of  solids  were  extracted  from  each  100  gm.  of  wheat  embryo. 

4,  Acid  Alcoholic  Extract  of  Wheat  Embryo. — 400  gm.  of  wheat  emh>x:"iyo 
were  treated  with  800  cc.  of  90  per  cent  alcohol  and  10  cc.  of  concentra.*  ^ 
HCl  added.  The  alcohol  was  heated  to  incipient  boiling,  and  filt»^^ 
with  suction  on  a  pulp  filter  which  had  been  washed  with  alcohol  just  t>*- 
fore  use.  The  filtrate  was  placed  on  200  gm.  of  dextrin  and  neutrali^^^ 
with  NaOH.   The  solvent  was  then  evaporated  off. 

6.  Cold  Acetone  Extract  of  Wheat  Embryo.— dOO  gm.  of  wheat  embi>^^ 
were  treated  with  400  cc.  of  acetone  and  allowed  to  stand  over  night.   Ttm-  ^ 
acetone  was  removed  by  pressure,  filtered,  and  evaporated  upon  dextri^^ 
sufficient  to  prevent  stickiness  in  the  product.   The  hot  acetone  extract 
was  similarly  prepared  except  that  the  acetone  was  heated  and  removed 
while  hot.   About  7  gm.  of  solids  were  dissolved  from  100  gm.  of  wheat 
embryo. 

6.  Water  Extract  of  Boiled  Egg  Yolk.— 200  gm.  of  dry  boiled  egg  yolk 
were  ground  in  a  mortar  with  water  (200  cc.)  and  then  the  solution  was 
removed  by  filtration  with  suction.  A  paper  pulp  filter  was  employed. 
This  was  repeated  four  times.  The  solution  contained  some  fat  in  emulsi- 
fied form,  which  was  removed  by  shaking  with  ether.  The  ether  was  me- 
chanically separated,  the  solution  again  filtered,  and  evaporated  on  dex- 
trin.  200  gm.  of  dry  egg  yolk  yielded  about  4.5  to  5  gm.  of  solids. 
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Ohart  1.   Lot  308.  Relation  between  polished  rice  and  purified  food- 
stuffs.  These  curves  illustrate  the  fact  that  polished  rice  cannot  be  sup- 
plemented so  as  to  induce  growth  or  prolonged  maintenance  by  the  addi- 
tion of  a  suitable  salt  mixture  alone.   That  failure  of  maintenance  was 
liot  due  to  the  low  protein  content  of  the  ration,  nor  to  the  presence  of 
proteins  of  a  poor  character  in  rice,  is  proven  by  the  curves  of  Lot  381, 
Chart  33,  which  grew  fairly  well  on  a  ration,  the  protein  of  which  was  de- 
rived solely  from  polbhed  rice  and  was  appreciably  lower  than  in  the 
ration  here  employed.  We  have  successfully  employed  other  rations  for 
growth  which  contained  mineral  contents  closely  similar  to  the  above 
ration  (308). 

Salt  mixture  306: 

gm. 

NaCl   5.00 

KjaP04   12.10 

CaH4(P04), -h  H,0   2.56 

Ca  lactate   29.44 

Fe  citrate   1.00 
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Chart  2.  Lot  313.  In  this  ration  the  mineral  content  was  adjusted 
by  salt  and  free  mineral  acid  additions  so  as  to  approximate  closely  the 
mineral  content  of  polished  rice.  The  excellent  growth  curves  make  it 
clear  that  for  growth  the  mineral  content  cannot  be  solely  responsible  for 
the  failure  of  animals  to  grow  on  a  diet  of  polished  rice. 
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Chart  3.  Lot  316.  The  above  curves  show  that  polished  rice  is  not 
supplemented  so  as  to  induce  growth  or  prolonged  well-being  by  correcting 
the  mineral  content  and  the  addition  of  5  per  cent  of  ash-free  egg  albumin. 
1 1  is  evident  from  these  curves  and  Charts  1  and  2  that  the  deficiency  of 
rice  rests  in  something  other  than  the  inorganic  or  protein  factor. 
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Chart  4.  Lot  334.  That  there  is  not  in  rice  an  inherent  toxicity  re- 
sponsible for  their  failure  to  grow  on  high  levels  is  indicated  by  the  per- 
formance of  the  rats  whose  curves  are  here  shown.  The  rice  was  reduced 
to  50  per  cent  of  the  ration  instead  of  91  per  cent  as  in  Lot  316,  Chart  3. 
The  condition  of  the  animals  was  not  bettered  by  the  change  in  the  com- 
position of  the  ration.  (See  also  Lot  338,  Chart  9  in  the  paper  following 
this.) 


E.  V.  McCoUum  and  M.  Davis  199 


sr 


mm 

RatK 
hed  ] 

OT  31 

n:- 

loe 

7 

91*0 

SaTT 
Butt< 

mixti 
r  fai 

re 

OS} 

'4.0 

\ 

St 

Chart  5.  Lot  317.  From  the  above  curves  it  is  evident  that  the 
failure  of  rats  to  grow  or  be  long  maintained  on  a  diet  of  polished  rice,  a 
salt  mixture,  and  butter  fat,  involves  some  factor  other  than  the  lack  of 
the  accessory  of  unknown  nature  found  in  certain  fats,  as  butter  fat,  egg 
fat,  kidney  fat,  com,  etc.,  but  not  in  certain  others.  The  protein  carried 
by  this  ration  is  adequate  for  growth  at  a  fairly  good  rate.  (Compare  Lot 
381,  Chart  33.)  The  mineral  content  is  satisfactory  (Lot  381),  and  the 
fat  possesses  the  peculiar  biological  properties  which  promote  growth, 
yet  young  rats  cannot  long  maintain  their  body  weight  or  well-being  on 
this  ration. 
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Chart  8.  Lot  340.  This  ration  differed  essentially  from  that  of  Lot 
329,  Chart  6,  only  in  containing  10  per  cent  of  lactose  replacing  its  equiva- 
lent of  polished  rice.  The  improvement  in  well-being  and  the  slow  growth 
during  two  or  three  months  show  that  lactose  of  the  purity  of  ordinary 
reagents  (this  lactose  contained  about  0.034  per  cent  N)  still  carried  some 
substance  having  pronounced  biological  value  in  promoting  growth  and 
sustaining  well-being. 


CHAR 
Poll 

f  9, 

Rati 

ihed 

.OT  3 

)n:- 

•Ice 

)9 

79.0 

Case 
Butt 
Lact 

»r  fa 
)se 

2.0 
5*0 
IQ.O 

Calc 
Pern 
Agar. 

.um  Ii 

»U8  c 

:agar 

kctatt 
Ltrat< 

1 

\ 

1.9 

o.i 

2.0 

/ 

i 

/ 

/ 

✓ 

1 

/ 

^  / 
/ 

t  ^ 

m 

7f 

Sf 


Chart  9.  Lot  309.  This  group  of  rats  manifested  a  marked  improve- 
ment over  those  previously  described,  an  exceptional  individual  reaching 
nearly  half  the  normal  adult  size  and  maintaining  this  weight  until  he 
was  nine  months  old.  This  improvement  was  apparently  due  to  the  lack 
of  purity  of  the  lactose  which  the  ration  contained.  (Compare  with 
Lots  324  and  340,  Charts  7  and  8.) 
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Chart  10.  Lot  382.  This  ration  is  similar  to  Lot  329  (Chart  6)  but 
carried  more  casein  (5  per  cent)  and  5  per  cent  of  Merck's  lactose.  There 
is  no  noticeable  improvement  as  a  result  of  these  modifications  of  the  diet. 
(Compare  Lot  329,  Chart  6.)  These  results  indicate  that  lactose  itself 
is  unnecessary  during  growth.  This  is  also  borne  out  by  feeding  experi- 
ments with  egg  yolk  alone  on  which  good  growth  is  attained.  Egg  yolk 
contains  no  lactose. 
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Chart  11.  Lot  351.  This  lot  which  failed  to  increase  their  body 
weights  on  a  ration  of  rice,  salt  mixture,  butter  fat,  and  20  per  cent  of 
lactose,  apparently  did  so  because  of  the  low  protein  content  of  the  ration. 
(Compare  with  Lot  324,  Chart  7.) 
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Chart  13.  Lot  326.  These  curves  support  what  was  shown  in  Chart 
12,  Lot  355;  rt>.,  that  purified  protein,  fats,  and  salt  mixtures  cannot  sup- 
plement polished  rice  so  as  to  induce  growth.  Note  the  decided  improve- 
ment in  rate  of  growth  in  Period  2  when  20  per  cent  lactose  was  introduced 
into  the  ration.    (Compare  with  Lots  340,  Chart  8,  324,  Chart  7.) 
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Chart  14.  Lot  383.  In  marked  contrast  to  Lots  326, 355,  324,  and  329, 
Charts  13,  12,  7,  and  6,  all  of  which  make  it  evident  that  purified  proteins, 
fats,  and  salt  mixtures  cannot  adequately  supplement  polished  rice  so  as 
to  induce  growth,  are  the  records  here  shown  which  reveal  the  fact  that 
unpolished  rice  is  adequately  supplemented  by  such  additions.  Unpol- 
ished rice  behaves  in  this  respect  like  whole  wheat  which  we  have  previously 
shown  is  made  adequate  for  complete  growth  and  normal  reproduction  and 
rearing  of  the  young,  by  the  addition  of  purified  casein,  a  salt  mixture, 
and  butter  fat.*^ 


^5  McCollum  and  Davis,  Jour,  Biol.  Chem.^  1915,  xxi,  615. 
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Chart  15.  Lot  396.  That  rice  polishings  in  amount  sufficient  to  sup- 
ply about  5  per  cent  of  fat  do  not  furnish  the  fat-soluble  accessory,  at 
least  in  adequate  amount,  is  indicated  by  the  curves  of  the  rats  of  this  lot. 
Rice  polishings  evidently  supply  the  water-soluble  accessory  (Lot  383, 
Chart  14),  but  without  the  addition  of  the  fat-soluble  one  no  growth  was 
attained  with  this  ration.  (Compare  with  Lots  392  and  395,  Charts  16 
and  17.) 
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Chart  16.  Lot  392.  These  curves  indicate  that  rice  polishings  with 
calcium  lactate  are  not  toxic  to  young  rats.  The  failure  of  Lot  396,  Chart 
14,  to  grow  on' a  ration  containing  40  per  cent  of  this  constituent  cannot, 
therefore,  be  attributed  to  any  injurious  effect  of  rice  polishings.  (Com- 
pare Lot  396,  Chart  15,  and  395,  Chart  17.) 
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Chart  17.  Lot  395.  These  curves  demonstrate  the  power  of  rice 
polishings  to  supplement  rice,  butter  fat,  and  salts,  and  make  a  ration  on 
which  good  growth  is  attained.  It  seems  evident  that  the  fate  of  rice  do 
not  carry  the  fat-soluble  accessory,  at  least  in  appreciable  amounte. 
(Compare  with  Lot  396,  Chart  15,  and  392,  Chart  16.) 
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Chart  18.  Lot  311.  Illustrating  the  good  growth  of  rats  confined 
to  a  mixture  of  polished  rice  and  desiccated  egg.  The  young  produced  by 
one  of  these  females  were  eaten  by  the  mother.  Our  experience  with  re- 
production on  other  rations  has  shown  that  rations  adequate  for  growth 
are  not  necessarily  so  for  reproduction  and  rearing  of  the  young."  In 
discussing  the  curves  reported  in  this  paper  we  reserve  all  conclusiunfl 
respecting  the  adequacy  of  the  rations  for  reproduction. 


"  McCollum  and  Davis,  Jour.  Biol.  Chem.y  1915,  xxi,  615. 
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Chart  20.  Lot  337.  These  curves  illustrate  in  a  convincing  mar 
that  lactose  of  fairly  high  purity  (N  content  0.034  per  cent)  carries 
water-soluble  accessory  essential  for  growth.  (Compare  Lots  340, 
Charts  8,  9.)  No  growth  is  secured  in  Period  1,  while  in  Period  2  in  wl 
10  gm.  of  dextrin  are  replaced  by  10  gm.  of  lactose  growth  at  a  slow  rat 
observed.  In  Period  3  when  the  content  of  rice  was  increased  to  85  per  c 
and  thereby  the  protein  content  raised,  the  growth  rate  becomes  ab 
normal. 

Lot  323  (Chart  19)  shows  that  growth  in  this  period  is  not  due  mei 
to  the  increased  protein  content,  but  primarily  to  the  accessory  addec 
the  desiccated  egg. 

In  Period  2  the  amount  of  accessories  was  adequate-r-probably  near 
minimal  limit — but  the  protein  content  limited  growth.  These  cm 
show  further,  that  5  per  cent  of  desiccated  egg  supplies  enough  fat-sob 
accessory  for  growth,  since  lactose  contains  none  of  this  constituent.  N 
than  5  per  cent  of  desiccated  egg  is  necessary  to  supply  enough  water-s 
ble  accessory  for  growth.  In  regard  to  the  relative  amounts  of  the  wa 
soluble  accessory  in  milk  powder  and  wheat  embryo  compare  with  Lotf 
and  378,  Charts  23,  24. 
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^^-A.»T  21.   Lot  364.   Wheat  embryo  to  the  amount  of  13.3  per  cent 
provide  an  adequate  amount  of  one  of  the  necessary  accessories 
*^o^th  in  this  ration.   Reference  to  Charts  31,  23,  Lots  339, 377,  reveals 
^^C5t  that  it  is  the  fat-soluble  accessory  which  is  not  present  in  this 
<Lot  354)  in  adequate  amount. 
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p.  ^^HART  22.   Lot  369.   When  wheat  embryo  is  present  to  the  extent 
per  cent  in  a  mixture  of  polished  rice  and  wheat  embryo,  the  latter 
>^^^lie8  enough  of  the  fat-soluble  accessory  to  promote  growth  for  a  time. 
"  ^^pare  with  Lot  354,  Chart  21.) 
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Chart  23.   Lot  377.   These  curves  show  clearly  that  wheat  emt^''^'' 
to  the  extent  of  only  2  per  cent  of  the  food  mixture  suffices  to  supply  eno  ^ 
of  the  water-soluble  accessory  to  enable  growth  to  proceed  at  nearly  * 
normal  rate.    (Compare  these  curves  with  Lot  378,  Chart  24.   See  ^^'^ 
Chart  9  in  the  following  paper.)    In  Period  2  the  rate  of  growth  wa» 
celerated  somewhat  by  raising  the  protein  content  through  the  addition 
5  per  cent  of  casein. 
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CuAKT  24.   Lot  378.   2  per  cent  of  skim  milk  powder  with  rice 
fices  to  supply  enough  of  the  water-soluble  accessory  to  induce  grow* 
nearly  the  normal  rate. 
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lART  25.  Lot  360.  The  condition  with  respect  to  growth  of  these 
which  received  their  water-soluble  accessory  supply  from  4  gm.  of 
t  embryo  is  noticeably  better  than  those  of  Lot  377  which  received 
2  per  cent  of  this  constituent.  This  may  reasonably  be  assigned  to 
lightly  higher  protein  content  of  the  ration  of  Lot  360  derived  from  the 
ional  2  gm.  of  wheat  embryo.  (See  also  Lots  369,  377,  Charts  22,  23.) 
mixture  314: 


gm. 

^aCl   1.067 

V  citrate  0.205 

VaHPO^  3.016 

:aCU  0.386 

:aS04.2H20   0.381 

Idk  lactate  5.553 

citrate  0.1000 
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Chart  26.  Lot  361.  The  noticeably  better  growth  of  these  rats  re- 
ceiving 4  per  cent  of  skim  milk  powder  with  rice,  butter  fat,  aiid  salts  as 
compared  with  Lot  378  which  received  2  per  cent,  may  be  reasonably  as- 
signed in  great  measure  at  least  to  the  added  content  of  protein.  2  per 
cent  of  skim  milk  powder  contains  enough  of  the  water-soluble  accessory 
to  support  growth  at  a  fairly  rapid  rate. 
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Chart  27.  Lot  350.  This  chart  illustrates  how  vigorous  may  be  the 
STovth  of  animals  deriving  their  ration  from  polished  rice,  wheat  embryo, 
butter  fat,  and  a  salt  mixture.  Since  we  have  elsewhere  shown**  that 
the  fat-soluble  accessory  essential  for  growth  is  present  in  com  and  in 
vbeat  embryo,  it  is  apparent  that  with  suitable  combinations  entirely 
satisfactory  growth  is  to  be  expected  from  certain  rations  derived  from 
vegetable  sources  exclusively. 


'•McCollum  and  Davis,  Jour,  Biol.  Chem.,  1915,  xxi,  179. 
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Chart  28.  Lot  357.  This  ration  was  designed  to  show  whether  the 
water-soluble  accessory  so  necessary  to  normal  nutrition  is  present  in  the 
bran  of  wheat.  The  stimulus  to  growth  in  this  lot  was  noticeably  less  than 
in  Lot  350,  Chart  27,  which  was  given  the  same  amount  of  wheat  embryo 
as  the  bran  content  of  the  present  ration.  We  have  subsequently  learned 
that  in  the  milling  process  some  embryo  always  passes  into  the  bran.  It 
is  therefore  possible  that  the  effects  here  observed  are  in  great  part  due  to 
the  small  embryo  content  and  not  to  the  presence  of  the  unknown  accessory 
in  the  outer  layer  of  the  wheat  kernel.  We  are  investigating  this  matter 
further.i9 


An  inspection  of  polished  rice  reveals  the  fact  that  in  the  process  of 
polishing  not  only  is  the  bran  layer  removed,  but  the  embryo,  which  is 
easily  detachable,  as  well.  The  great  richness  of  wheat  embryo  in  this 
water-soluble  accessory,  and  its  apparent  absence  from  that  portion  of 
the  wheat  kernel  which  makes  up  bolted  flour,  exclusive  feeding  of  which, 
according  to  Little  (Little,  J.  M.,  Jour.  Am.  Med.  Assn.f  1912,  Iviii,  2029), 
produces  symptoms  typical  of  beri-beri,  lead  us  to  suspect  that  the  cura- 
tive effects  of  rice  polishings  and  of  extracts  of  the  same  owe  this  property 
to  the  presence  of  the  embryo  rather  than  to  the  bran  layer.  This  sub- 
ject is  receiving  further  attention. 
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Chakt  31.  Lot  339.  These  curves  show  how  with  the  addition  of 
re  fat-Boluble  accessory  in  the  form  of  butter  fat,  13.4  per  cent  of  wheat 
bryo  supplements  polished  rice  in  a  manner  so  as  to  support  nutrition 
Bcly  approximating  normal.  When  one  considers  that  this  ration  con- 
ned only  about  9  per  cent  of  protein  it  is  certainly  remarkable  that  from 
*ee  females  five  litters  of  young  were  produced  in  the  first  seven  months 
their  lives.  The  mortality  of  these  young  was  high,  but  one  litter  whose 
•ves  are  shown  is  making  good  progress  on  the  mother's  diet  at  the  pres- 
;  time. 
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Chart  32.  Lot  367.  These  curves  show  the  depression  in  grow — 
due  to  a  preparation  of  water  extract  made  from  slightly  decomposed  mm 
yolk.  The  recovery,  as  well  as  the  initial  growth,  was  on  a  preparatr^ 
from  better  material. 
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^^-^RT  33.  Lot  381.  Without  the  addition  of  the  accessory  in  the  form 
extract,  of  egg  yolk,  or  wheat  embryo,  no  growth  is  possible  on  this 
(Compare  with  Lot  317,  Chart  5.)  The  drop  in  the  curves  is 
^^^^sult  of  the  use  of  a  preparation  of  extract  made  from  egg  yolk  which 
^  Undergone  putrefaction  during  drying.  The  same  depressing  effect 
J  "^^18  preparation  was  observed  with  other  lots  of  rats  on  other  rations. 

^ome  of  these  recovery  and  renewed  growth  followed  changing  to  another 
Preparation  of  extract  of  egg  yolk  prepared  from  eggs  which  were  of  good 
*^^^Uty.    (Compare  Lot  367,  Chart  32.) 
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Chart  34.  Lot  384.  These  curves  illustrate  the  remarkable  stimulat- 
ing effect  of  water  extract  of  wheat  embryo,  when  added  to  a  ration  which 
without  such  addition  was  wholly  imsatisfactory  for  growth.  (Com- 
pare Lot  324,  Chart  7.)  The  hot  water  extract  was  freed  from  protein  by 
acidifying,  boiling,  and  subsequent  filtration. 
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Chart  35.  Lot  385.  Illustrating  the  efficiency  of  the 
hot  water  extract  of  5  grams  of  wheat  embryo  in  promoting 
pare  with  Charts  34  to  36.) 


addition  of  the 
growth.  (Com- 
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Chart  36.  Lot  401.  The  extremely  rapid  growth  of  the  rats  whoM 
curves  are  shown  in  Chart  36  indicates  the  ready  solubility  in  cold  water 
of  an  unknown  dietary  accessory  present  in  wheat  embryo.  This  sub- 
stance is  stable  toward  heat,  for  the  water  extracts  were  subsequentl} 
acidified  and  boiled  to  coagulate  the  proteins.  To  each  100  gm.  of  ratiot 
were  added  the  extract  of  15.9  gm.  of  wheat  embryo. 
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Chabt  37.  Lot  402.  These  curves  show  growth  somewhat  more  rapid 
than  the  normal  expectation,  but  not  so  rapid  as  in  the  rats  in  Lot  401, 
Chart.  36.  These  rats  received  the  same  ration  as  Lot  401,  but  with  the 
cold  water  extract  of  only  7  gm.  of  wheat  embryo  per  100  of  ration. 
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Chart  38.  Lot  399.  These  curves  illustrate  in  a  striking  manner  th 
stimulating  action  on  growth  of  a  small  amount  of  the  material  extracte< 
from  wheat  embryo  by  hot  acidified  alcohol.  This  ration  without  th( 
addition  of  an  unknown  accessory  soluble  in  water  and  in  alcohol  doe 
not  support  growth.  (Compare  Lot  324.)  The  extract  obtained  by  boiling 
10  gm.  of  wheat  embryo  with  hpt  acidified  alcohol  was  added  to  each  IOC 
gm.  of  ration  with  the  result  that  growth  proceeded  much  faster  than  tb 
normal  rate. 
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3hart  39.  Lot  400.  These  curves  should  be  compared  with  Lot  399, 
art  38.  The  rats  in  this  lot  received  the  hot  alcoholic  extract  of  only 
?n.  of  wheat  embryo  per  100  of  ration,  and  their  rate  of  growth  was  dis- 
ictly  slower.  While  very  small  amounts  of  the  water-  and  alcohol-solu- 
e  accessory  necessary  for  growth  may  suffice,  it  is  evident  from  these 
irves  that  growth,  at  least  within  certain  limits,  is  dependent  on  the 
lount  present. 
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Chart  40.  Lot  386.  These  curves  should  be  compared  with  Lots  399  ai\^ 
400.  They^-eceived  the  plain  alcoholic  (95  per  cent)  extract  of  10  gm.  of 
wheat  embryo  per  100  of  ration.  The  ration  without  the  addition  of  the 
ymknown  accessory  soluble  in  water  and  in  alcohol  would  not  have  sup- 
ported growth.    (Compare  Lot  324,  Chart  7.) 
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Chart  41.  Lot  387.  These  curves  show  plainly  that  the  unknown 
cessory  essential  for  growth  is  soluble  to  some  extent  in  acetone,  for  the 
dition  of  a  hot  acetone  extract  of  20  gm.  of  wheat  embryo  to  100  gm. 
a  ration  which  would  not  itself  support  growth,  induced  growth  at  a  good 
e  during  five  weeks.  The  behavior  of  these  animals  led  us  to  believe 
It  they  were  growing  on  about  the  minimum  amount  possible,  which 
umption  is  strengthened  by  the  response  with  more  rapid  growth,  to 
substitution  of  an  alcoholic  extract  of  half  as  much  wheat  embryo,  fgr 
acetone  extract.  Previous  to  the  alcoholic  extraction  the  wheat  em- 
^>  had  been  exhausted  with  other  in  a  continuous  extraction  apparatus. 

alcoholic  extract  (also  by  ccmtinuous  extraction)  was  in  no  degree 
potent  in  promoting  growth  than  was  alcoholic  extract  from  unextract- 
'lieat  embryo.  It  is  evident,  therefore,  that  this  accessory  (water-  and 
Hol-soluble)  is  not  soluble  in  other. 
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Chart  42.  Lot  388.  These  curves  should  be  compared  with  J 
387,  Chart  41.  These  rats  received  the  acetone  extract  of  10  gm.  of  wb 
embryo  per  100  of  ration  (Period  1)  and  its  influence  in  promoting  gro'' 
was  slight.  In  Period  2  the  rati")n  was  made  up  of  purified  foodstv 
and  was  one  which  without  the  addition  of  this  accessory,  would  not  fi 
port  growth.  The  rats  responded  at  once  with  excellent  growth  orx 
ration  when  the  hot  water  extract  )f  11  gm.  of  wheat  embryo  per  lO 
ration  was  added. 
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By  E.  V.  McCOLLUM  and  MARGUERITE  DAVIS. 

(Prom  the  Laboratory  of  Agricultural  Chemistry  of  the  University 
of  Wisconsin f  Madison,) 

(Received  for  publication,  September  1,  1915.) 

a  previous  paper*  we  described  experiments  in  which  we 
attained  growth  approximating  the  normal  rate,  together 
"^th  reproduction  and  rearing  of  a  portion  of  the  young,  with 
^tions  made  up  of  comparatively  pure  proteins,  dextrin,  lactose, 
^tter  fat,  and  a  salt  mixture  from  reagent  bottles.  We  pointed 
at  that  time  that  we  suspected  that  the  presence  of  lactose 
^  Our  diets  was  the  determining  factor  in  inducing  growth,  al- 
though several  samples  showed  a  content  of  nitrogen  ranging 
f^m  only  0.020  to  0.034  per  cent.  We  stated  that  we  reserved 
Ur  conclusion  concerning  the  necessity  of  accessories  other  than 
tiose  carried  by  butter  fat  and  certain  other  fats,  until  we  should 
*t>tain  further  evidence. 

In  a  preceding  paper'  we  have  shown  clearly  that  lactose  of 
he  purity  of  the  ordinary  reagent  (Kahlbaum's  and  Merck's 
^reparations)  does  in  fact  contain  enough  of  the  unknown  water- 
»oluble  accessory  essential  for  growth  or  prolonged  maintenance, 
^  promote  growth  at  a  fairly  rapid  rate  when  included  in  a  diet 
>f  polished  rice  supplemented  with  casein,  butter  fat,  and  salts. 
'Without  the  addition  of  lactose  this  ration  does  not  support 
>'t>wth.  In  conformity  with  this  observation  we  found  that  the 
^tion  previously  employed  in  our  ''nutrition  with  purified  food- 
^UfTs,"  viz.,  casein  18  per  cent,  lactose  20  per  cent,  dextrin  56.3 
•^i"  cent,  butter  fat  5  per  cent,  agar-agar  2  per  cent,  and  salts 

Published  with  the  permission  of  the  Director  of  the  Wisconsin  Experi- 
^Xit  Station. 

*  McCollum,  E.  v.,  and  Davis,  M.,  Jour,  Biol.  Chem.,  1915,  xx,  641. 

•  McCollum  and  Davis,  ibid.f  1915,  xxiii,  181. 
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3.7  per  cent,  that  if  the  20  per  cent  of  lactose  was  replaced  by 
dextrin  no  growth  was  secured. 

During  the  last  three  years  Osborne  and  Mendel  have  presented 
numerous  curves  of  rats  fed  **fat-free''  diets,  which  indicate  that 
the  essential  fatnsoluble  accessory  is  apparently  stored  to  some 
extent  as  a  reserve  material,  so  that  growth  can  go  on  for  a  period 
of  sixty  to  one  hundred  days  in  nearly  a  normal  manner  before 
the  supply  of  this  substance  becomes  exhausted.   With  thi^ 
view  that  growth  can  proceed  for  such  a  period  with  diets  carry 
ing  no  fats  our  former  published  data  are  in  accord.    We  are  novir 
led  to  doubt  the  truth  of  this  assertion,  for  reasons  which  will 
appear  later. 

Wc  were  convinced  by  our  experience  in  feeding  polished  rice^ 
supplemented  with  purified  casein,  lactose,  butter  fat,  and  salt 
additions,  that  all  preparations  of  lactose  were  not  equally  effi- 
cient in  promoting  growth.  This  ration,  without  the  lactose, 
promoted  growth  in  a  satisfactory  manner  when  minute  amount* 
of  water  extract  of  boiled  egg  yolk  or  of  water  extract  of  wheat 
embryo  (freed  from  protein),  or  the  alcoholic  extract  of  wheat 
embryo  were  added  (see  Charts  32  to  42).  The  results  all 
pointed  to  the  necessity  in  this  diet,  of  an  accessory  substance 
which  is  soluble  both  in  water  and  in  alcohol,  as  well  as  the  neces- 
sity of  the  fat -soluble  accessory  furnished  by  butter  fat  and  cer- 
tain other  fats. 

We  were  convinced  from  these  observations  that  the  employ* 
ment  of  lactose  of  relatively  high  purity  in  rations  made  up 
foodstuffs  otherwise  carefully  purified,  is  open  to  serious  object 
and  that  its  use  in  such  rations  has  led  to  erroneous  conclusiax^^' 
since  it  must  be  of  exceptional  purity  to  render  it  free  from  fcl*^ 
water-soluble  accessory. 

With  rations  composed  of  polished  rice,  supplemented  wi^'^ 
a  liberal  amount  of  water-soluble  accessory,  but  lacking  in  t^^^' 
fat-soluble  one^  we  have  not  been  able  to  secure  a  prelimina^'*^ 
period  of  growth  such  as  the  published  curves  of  Osborne  and  M^^'^' 
deP  and  our  own  indicate  to  be  the  regular  performance  of  r^»*'^ 
on  diets  which  were  supposed  to  be  free  from  this  fat-soluB=^^ 
accessory. 

*  McCollum  and  Davis,  Jour.  Biol.  Chem.j  191,5,  xxiii,  181. 
6  Sec  Lot  3,34,  Chart  21,  p.  211. 

«  Osborne,  T.  H.,  and  Mendel,  L.  B.,  Jour.  Biol.  Cheni.,  1912,  xii,  8* — 
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The  "fat-free"  diets  of  Osborne  and  Mendel  as  well  as  our 
own  contained,  it  is  true,  practically  no  fats  and  seemingly  in- 
significant amounts  of  lipoids  of  any  character,  but  they  contained 
either  lactose  or  casein  and  in  some  cases  both  these  constituents 
from  milk  and  the  marked  difference  in  respect  to  the  ability  of 
the  rats  to  grow  during  the  first  few  weeks  on  these  diets  and  their 
failure  to  do  so  when  fed  other  rations  known  to  carry  but  very 
little  of  the  fat-soluble  accessory,  but  carrying  an  abundance  of 
the  water-soluble  one,  strongly  supports  the  belief  that  casein 
and  milk  sugar  of  supposed  good  quality  still  retain  amounts 
of  both  classes  of  accessories,  which  are  suflScient  to  exercise  a 
pronounced  effect  on  growth  in  young  animals. 

We  therefore  determined  to  examine  the  whole  question  of 
nutrition  with  highly  purified  foodstuffs  in  order  to  make  certain 
whether  the  curves  which  we  have  presented  in  the  past  showing 
'formal  growth  during  periods  of  one  to  three  months  could  be 
^cured  with  rations  which,  in  the  present  stage  of  our  experience, 
were  convinced  were  entirely  free  from  either  the  fat-soluble 
water-soluble  accessories.    Our  studies  on  polished  rice  had 
^nvinced  us  that  if  growth  is  to  proceed  at  all  both  these 
Accessories  must  be  present. 

The  question  as  to  the  best  method  of  preparing  casein  for 
^^ch  experiments  arose.    In  the  course  of  our  work  relating  to 
^he  supplementary  relationship  between  pohshed  rice  and  other 
^^odstuffs^  we  learned  that  prolonged  heating  even  at  tempera- 
tures of  90-100°C.  could  cause  deterioration  of  the  nutritive 
P*t)perties  of  milk,  and  by  a  systematic  investigation  we  learned 
t^at  the  casein  is  the  component  of  milk  which  suffers  altera- 
^iojx  during  heating.    For  this  reason  we  thought  it  unwise  finally 
extract  our  casein  for  a  long  period  with  boiling  alcohol,  as 
and  Macallum®  have  done  in  order  to  remove  all  traces  of 
^^known  accessory  substances,  since  through  this  treatment 
value  of  the  casein  may  be  decidedly  reduced. 
T*he  method  adopted  was  the  following:  Casein  purified  by 
^ice  repeated  precipitation  was  washed,  dried,  and  ground. 
^  ^SLS  then  placed  in  a  large  jar  having  an  outlet  at  the  bottom 
was  closed  with  a  plug  of  cheese-cloth  loose  enough  to  pcr- 
a  slow  passage  of  water  through  it.    The  jar  was  filled  with 

^  ^IcCollum  and  Davis,  Jour.  Biol.  Chcm.y  xxiii,  247. 

*  Tunk,  C,  and  Macallum,  A.  B.,  Ztschr.f.  physiol.  Chem.,  1914,  xcii,  17. 
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water  acidified  with  acetic  acid.  When  it  had  nearly  all  draii 
off  the  jar  was  again  filled.  The  casein  was  frequently  stin 
to  prevent  its  forming  a  compact  mass.  This  washing  was  c< 
tinned  during  seven  or  eight  days,  the  last  twenty-four  hou 
washing  being  with  distilled  water.  The  product  thus  obtaiii 
was  dried  and  ground.  It  was  very  poor  in  ash,  10  gram  samp 
yielding  but  a  trace  of  calcium.  By  this  treatment  practica 
all  the  waternsoluble  constituents  were  dialyzed  out  of  the  granul 

With  casein  prepared  in  this  way  combined  with  dextri 
butter  fat,  and  salts  we  have  been  unable  to  obtain  apprecial 
growth  even  during  the  first  month.  This  is  illustrated  by  Chart 
The  results  are  strikingly  different  from  those  obtained  with  cas< 
purified  only  by  reprecipitation,  together  with  liberal  amoui 
of  lactose  of  fairly  good  quality.  Such  rations  apparently  cai 
adsorbed  as  impurities  quantities  of  both  classes  of  essential  i 
cessories  which  are  easily  detectable  by  the  qualitative  dem< 
stration  of  growth  in  young  animals. 

We  must,  therefore,  conclude  with  Stepp,  Hopkins,  Funk,  a 
others^^  from  the  extensive  data  now  available  that  certain 
present  unidentified  substances  aside  from  protein,  carbohydrat 
fats,  and  salts  are  indispensable  for  growth  or  prolonged  ma 
tenance,  and  furthermore  that  there  is  a  class  of  such  accessor 
soluble  in  fats  and  another  soluble  in  water  and  alcohol. 

From  the  data  available  in  our  records  it  seems  highly  proba 
that,  while  the  amount  of  accessory  substances  of  either  of  th< 
classes  which  is  required  to  induce  growth  is  small,  the  evidei 
points  to  the  belief  that  a  certain  quantity  must  be  present  bef< 
any  growth  can  take  place,  and  that  above  this  amount  grov 
seems  to  be  in  some  measure  proportional  to  the  amount  of  ace 
sories  present. 

It  is  obvious  that  in  the  study  of  the  relative  values  of  isolai 
proteins  fed  with  mixtures  of  purified  food  substances  compara 
amounts  of  these  two  classes  of  accessories  must  be  suppli 
Otherwise  no  safe  interpretation  can  be  put  upon  the  results 

"  The  dextrin  was  made  from  high  grade  corn-starch  moistened  wit 
0.2  per  cent  solution  of  citric  acid  and  heated  four  hours  in  an  autocL 
at  15  pounds'  pressure.  It  was  then  dried  in  a  current  of  air  at  about  70 
'0  Stepp,  W.,  Ztschr.  f.  Biol.,  1912,  Ivii,  13o;  1913,  Ixii,  405.  Hoplc 
F.  G.,  Jour.  Physiol.,  1912,  xliv,  425.  Funk,  C,  Ztschr.  J,  physiol.  Chm 
1913,  Ixxxviii,  352;  1914,  xcii,  13. 
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Ohart  1.   The  curves  shown  in  this  chart  are  typical  of  the  behavior 
J'ats  fed  highly  purified  casein,  dextrin,  and  a  salt  mixture.   The  ration 
free  from  the  fat-soluble  accessory  essential  for  growth,  but  a  liberal 
*^ount  of  the  water-  and  alcohol-soluble  accessory  was  provided  in  the 
*ortxi  of  an  acid  alcoholic  extract  of  wheat  embryo.   Growth  could  not 
Pi'oceed  on  this  ration.   Both  the  water-soluble  and  the  fat-soluble  acces- 
sories must  be  present  before  growth  can  take  place.   Casein  and  lactose 
ordinary  purity  cannot  be  employed  as  purified  foodstuffs.  Growth 
^^i^ing  a  period  of  a  few  weeks  on  diets  of  isolated  foodstuffs  is  an  in- 
cation  that  both  classes  of  accessories  are  retained  in  the  lactose  and 
^^sem  as  impurities.   A  high  degree  of  purity  must  be  attained  in  order 
*o  eliminate  these  substances. 
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Chart  2.   Illustrating  the  usual  performance  of  young  rats  with  re- 
spect to  growth  when  fed  a  mixture  of  casein,  dextrin,  and  salts,  the  caseiiK^ 

being  of  exceptional  purity.   In  Period  1  there  was  added  sufficient  water  

soluble  accessory  in  the  form  of  water  extract  of  wheat  embryo  (freed  ^ro^^^ 
protein  by  coagulation)  to  support  growth.  Growth  did  not  take  placi.^ 
however,  because  there  was  no  fat-soluble  accessory  present  in  the  d\.^^^' 
In  Period  2  when  butter  fat  was  included  in  the  ration  growth  at  o«rx.  c 
began. 
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Chart  3.   These  curves  emphasize  the  absolute  necessity  of  having 
both  classes  of  accessories  present  in  the  diet  before  growth  can  take  place. 
These  rats  received  double  the  amount  of  water-soluble  accessory  given 
those  of  Lot  2,  but  this  high  intake,  in  the  absence  of  the  fat-soluble 
Accessory,  did  not  lead  to  growth.   A  comparison  of  Lot  355  (Chart  12, 
Pa^se  204)  which  ration  contained  a  large  amount  of  the  fat-soluble  acces- 
soi^y  but  was  free  from  the  water-soluble  one  shows  a  similar  behavior. 


238 


Essential  Factors  in  Diet 


CHi 
Ba1 

RT  4 

ion:- 

I 
1 
i 

iasalx 
axtrj 
ga]>-< 

n 

gar 

IB. 
66 

2, 

6 

3 

0 

I 
\ 

heat 

ixtui 
mmbrj 

a  3. 

0  10< 

7  Ifli 

0 

a  Chi 

rt  1 

— 1 
f 

roB  t 

lUBi4 
ha  wl 

aooc 
aat  € 

mbrjc 

W — 

9/- 

9 

y 

9^ 

0 

241 

1 


Chart  4.  This  ration  consisting  of  casein  (which  was  free  from  dietary 
accessories),  dextrin,  and  salts,  to  which  10  per  cent  of  wheat  embryo  was 
added,  promotes  a  little  growth  in  vigorous  animals.  The  wheat  embryo 
furnishes  an  abundance  of  the  water-soluble  accessory  and  a  small  but 
insufficient  amount  of  fat-soluble  accessory.  Even  2  per  cent  of  wheat 
embryo  supplies  the  water-soluble  accessory  in  amount  sufficient  for 
growth.  Yet  without  a  higher  content  of  the  fat-soluble  one  very  little 
growth  can  be  made.  This  ration  further  confirms  our  view  that  in  our 
earlier  curves  and  in  those  of  Osborne  and  Mendel  with  similar 
where  pronounced  growth  during  two  months  or  more  was  observed  oi 
diets  containing  lactose  and  casein,  the  growth  was  due  to  the  fact  ths 
these  components  of  the  ration  still  carried  small  amounts  of  the  essentk 
growth  accessories. 
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Chart  5.  This  ration  carried  adequate  fat-soluble  accessory  with  its 
OQtent  of  butter  fat,  but  in  Period  1  was  free  from  water-soluble  accessory, 
o  growth  could  take  place.  In  Period  2  water-soluble  accessory  was 
^ewise  supplied  in  the  form  of  water  extract  of  wheat  embryo  (freed  from 
ot ein  by  coagulation  with  heat) .  Growth  proceeded  at  once  at  a  rapid 
te .  The  evidence  all  points  to  the  necessity  of  both  classes  of  accessories 
tlie  diet  if  appreciable  growth  is  to  ensue. 

I»  this  ration  the  nitrogen  added  in  the  form  of  the  hot  water  extract  of 
^at  embryo  amounted  to  0.0657  gm.  per  100  gm.  of  ration  (=2.31  per  cent 
^lie  total  N  in  the  ration).  This  is  only  about  one-third  as  much  nitro- 
^  of  unknown  form  as  is  added  by  Osborne  and  Mendel  to  their  rations, 
^^srwise  consisting  of  purified  foodstuffs,  in  the  28.3  per  cent  of  protein- 
^  milk  containing  0.76  per  cent  of  nitrogen. 
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Chart  6.   Shows  a  fair  rate  of  growth  during  three  months  on 
in  which  all  the  water-soluble  accessory  was  derived  from  the  \ 
extract  of  3  gm.  of  wheat  embryo  per  100  of  ration.   0.77  per  c 
total  nitrogen  of  the  ration  was  in  the  unknown  forms  present  in 
embryo  extract.   This  appears  to  supply  the  accessory  in  amc 
what  below  the  optimum. 
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^5art  7.  In  the  ration  of  these  rats  all  the  water-soluble  accessory 
furnished  by  the  cold  water  extract  of  15.9  gm.  of  wheat  embryo  per  100 
'•of  ration,  the  fat-soluble  one  as  butter  fat.  (The  water  extract  was 
^sequently  acidified  and  boiled  to  remove  the  protein.)  4.05  per  cent 
^^e  total  nitrogen  of  the  ration  was  furnished  by  the  embryo  extract, 
•''emely  rapid  growth  resulted  from  this  addition,  while  without  it  no 
^th  would  have  taken  place.  (See  Chart  5,  Period  1.)  These  rats 
^^r  to  be  in  perfect  nutritive  condition. 
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Charts.  These  curves  show  slight  growth  on  a  diet  in  which  tb 
water-soluhle  accessory  was  furnished  by  the  cold  alcoholic  (05  per  ceni 
extract  of  5  gm.  of  wheat  embryo  per  100  gm.  of  ration  (Period  1)  and  by 
hot  alcoholic  extract  of  the  same  quantity  in  Period  2.  This  amount  of  ac 
cessory  is  adequate  for  vigorous  growth.  In  this  ration  the  hot  alcoholi 
extract  of  wheat  embryo  supplied  but  0.0095  gm.  of  nitrogen  per  1(X)  gm 
of  ration  «  0.33  per  cent  of  the  entire  nitrogen  content  of  the  diet. 


E.  V.  McCoUum  and  M.  Davis  243 


m 


7% 


CEHAf 

T  9 

Hi 

Bm 

U  tBl 

-IK 

69. 

?i 

7 

5u 
Hh 

tier 

r&t 
ir 

S< 
2. 

2. 

0 
0 

[> 

,^  

/ 

Chart  9.  Showing  that  2  gm.  of  wheat  embryo  per  100  gm.  of  ration 
furnish  sufficient  water-soluble  accessory  to  induce  vigorous  growth  with 
a  diet  which  is  otherwise  satisfactory.  Wheat  embryo  contains  relatively 
much  of  this  accessory  and  relatively  little  of  the  fat-soluble  one.  Similar 
results  have  been  described  by  us  in  nutrition  experiments  with  polished 
rice  which  lacks  both  accessories.  The  wheat  embryo  employed  contained 
5.1  per  cent  N.  The  nitrogen  from  this  source  was  accordingly  3.57  per 
cent  of  the  total  in  the  diet. 
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Chart  10.  The  ration  of  the  rats  whose  curves  are  here  shown  was  like 
that  of  Chart  8,  except  that  it  contained  4  per  cent  of  wheat  embryo.  It 
did  not  produce  growth  at  any  more  rapid  rate  than  did  the  preceding  one 
which  contained  but  2  per  cent.  It  seems  evident  that  2  per  cent  of  wheat 
embryo  must  supply  enough  of  the  water-soluble  accessory  to  support 
growth  at  the  normal  rate. 
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Chart  11.  This  chart  shows  that  even  30  per  cent  of  wheat  embryo 
carrying  fat  equivalent  to  3  per  cent  of  the  food  mixture,  although  it  sup- 
plies a  certain  amount,  does  not  furnish  enough  of  the  fat-soluble  acces- 
sory to  enable  growth  to  take  place  at  the  normal  rate.  (Compare  with 
Chart  4.)   That  the  rate  of  growth  is  within  certain  limits  determined  by 

the  amounts  of  the  accessories  present  is  strongly  supported  by  data  which 

we  have  presented  in  the  preceding  paper  (page  227). 
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Chart  12.   Lot  405.  These  rats  received  a  ration  entirely  compa.  -^f^}^ 
to  those  of  Chart  11,  but  the  ration  carried  2  per  cent  of  butter  fat.       ^  ® 
excellent  growth  of  these  rats  as  compared  with  those  in  Chart  11  y^^^^ 
fat-soluble  accessory  was  derived  from  30  per  cent  of  the  wheat  emt^^^®' 
proves  that  it  is  in  this  particular  respect  that  the  ration  of  Chart  It 
deficient. 


HE  CAUSE  OF  THE  LOSS  OF  NUTMTIVE  EFFICIENCY 
OF  HEATED  MILK.' 

By  E.  V.  McCOLLUM  and  MARGUERITE  DAVIS. 

{From  the  Laboratory  of  Agricultural  Chemistry  of  the  University  oj 
Wisconsin f  Madison.) 

(Received  for  publication,  September  1,  1915.) 

It  has  frequently  been  reiterated  by  investigators  of  nutrition 
Dblems,  especially  in  relation  to  scurvy  and  beri-beri,  that 
5  substances  which  when  present  in  the  diet  prevent  the  onset 
these  diseases,  and  in  the  early  stages  induce  their  cure,  are 
Btroyed  by  heating  to  temperatures  of  115-125°C.  Stepp^ 
s  repeatedly  mentioned  this;  Grijns'  states  that  unpolished 
«  loses  its  protective  power  against  polyneuritis  when  heated 
a  temperature  of  130°C.  Braddon*  states  that  persons  eating 
rboiled  rice  did  not  contract  the  disease  provided  the  boiling 
s  done  before  the  removal  of  the  pericarp. 
S'umerous  observations  are  on  record  to  the  effect  that  heated 
Ik  induces  scurvy  in  infants,  fresh  unheated  milk  acting  as  a 
ati ve  agent.  Frohlich^  has  shown  that  pasteurized  milk  (heated 
70*^C.)  will  prevent  scurvy  in  guinea  pigs  fed  on  oats,  but 
,t  milk  heated  to  98°C.  for  ten  minutes  fails  to  do  so.  McCol- 
1*  has  shown  that  boiled  egg  yolk  alone  induces  good  growth 
young  rats.  McCoUum  and  Davis^  have  shown  that  the  fat- 
uble  accessory  in  egg  yolk  fat  is  not  destroyed  by  boiling, 

Published  with  the  permission  of  the  Director  of  the  Wisconsin  Experi- 
it  Station. 

'  Stepp,  W.,  Deutsch,  med.  Wchnschr.,  1914,  xl,  892. 

»  Grijns,  G.,  Geneesk.  Tijdschr.  v.  Nederl.  Indie. ^  1901,  xli,  191. 

'  Braddon,  W.  L.,  The  Cause  and  Prevention  of  Beri-beri,  London,  1907. 

^  Frohlich,  T.,  Ztschr.  f.  Hyg.  u.  Infectionskrankh.,  1912,  Ixxii,  155. 

I  Funk,  C,  Ergebn.  d.  Physiol. ^  1913,  xiii,  125,  for  extensive  referenced 

the  literature  of  this  subject. 
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'  McCollum,  E.  v.,  and  Davis,  M.,  Proc.  Soc.  Exper.  Biol,  and  Med., 
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and  Osborae  and  Mendel*  found  that  passing  live  steam  throu^^gh 
butter  fat  for  two  and  a  half  hours  did  not  destroy  the  fatH3olut>Je 
accessory  essential  for  growth. 

From  the  above  partial  list  of  references  it  will  be  seen  that  thex^ 
is  no  unanimity  of  opinion  regarding  the  effect  of  the  temi>eratux-e 
of  boiling  water  and  higher  temperatures  on  the  accessory  which  is 
soluble  in  water  and  in  alcohol,  which  is  so  important  in  the  pres- 
ervation of  health,  and  whose  relation  to  growth  we  have  discusse<i 
in  the  preceding  paper.    In  connection  with  our  experiments 
signed  to  show  the  supplementary-  relationship  between  polisb-^^ 
rice  and  certain  other  foodstuffs  we  observed  that  milk  powd^^ 
in  quantities  as  small  as  2  per  cent  of  the  food  mixtures  consist!^  ^ 
otherwise  of  polished  rice,  purified  protein,  salts,  and  butter  f»^» 
furnished  an  adequate  amount  of  the  essential  water-8olut>^^ 
accessory  to  induce  growth.    Milk  powder  which  had  been  heat-^^  ^ 
four  hours  in  a  double  boiler  was  noticeably  less  efficient  than  t  J:^® 
unheated  product  in  supplementing  the  rice  ration  just  mention&^*^» 
while  when  the  milk  powder  was  heated  one  hour  in  an  autocla-*^-— 
at  15  pounds'  pressure  it  almost  entirely  lost  its  property  of  st» 
plementing  this  ration  so  as  to  induce  growth.   We  observed  abo 
the  same  time,  however,  that  wheat  embryo,  which  is  just  as  e: 
cient  as  milk  powder  in  adding  the  indispensable  water-Bolub> 
accessory  to  the  ration,  can  be  heated  in  the  autoclave  in  t 
way  which  renders  milk  valueless  when  added  to  the  rice  rati^ 
mentioned  above,  without  in  any  way  lowering  its  efficien(?3^-^- 
This  observation  indicates  that  in  the  destruction  of  the  nutriti  ^ 
value  of  the  milk  powder  by  heating,  some  factor  other  than  tYi^^^ 
destruction  of  the  accessory  substance  operated.    We  thereupo*^ 
carried  out  a  series  of  experiments  designed  to  show  what  con  - — 
stituent  of  the  milk  powder  was  changed  during  the  heatin^^ 
process  so  as  to  destroy  its  biological  value. 

Chart  1  illustrates  the  injurious  effect  of  heating  milk  powder,^ 
moistened  with  water,  in  a  double  boiler  (Lot  356)  and  in  ai» 
autoclave  at  15  pounds'  pressure  (Lot  344).    For  ready  compari^ — 
son  the  curves  of  rats  fed  unheated  milk  powder  with  this  ratiom 
are  included  on  the  chart  (Lot  335). 

Chart  3  shows  that  wheat  embryo  can  be  heated  in  a  moist  con —  . 


«  Osborne,  T.  B.,  and  Mendel,  L.  B.,  Jour.  Biol.  Chem.,  1915,  xx,  381. 
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ion  in  a  double  boiler  or  in  an  autoclave  at  15  pounds'  pressure 
ihout  in  the  least  altering  its  power  of  inducing  growth  when 
ied  to  the  ration  of  rice  plus  purified  foodstuffs.  It  is  evident 
tt  some  cause  other  than  the  effect  of  heat  on  the  unknown 
«ssory  must  be  sought  to  explain  the  inferiority  of  heated  as 
Qpared  with  unheated  milk.  In  wheat  embryo  the  dietary 
jessory  is  stable  toward  heat.  * 

]n  order  to  learn  what  factor  is  involved  in  the  loss  of  eflSciency 
milk  during  heating  we  made  a  series  of  feeding  experiments 
which  a  ration  of  polished  rice,  casein  in  varying  amounts, 
;ter  fat,  and  a  salt  mixture,  was  supplemented  with  heated 
parations  from  milk  as  follows: 

Milk  from  which  the  casein  had  been  removed  (whey),  heated  in 
>clave. 

• .  Milk  from  which  the  casein  and  albumin  had  been  removed,  boiled 
hours. 

.  Lactose  (heated  in  autoclave). 

Ve  also  heated  casein  in  an  autoclave  and  employed  it  in  rations 
ch  when  made  up  with  unheated  casein  were  entirely  satis- 
sory. 

The  rice  employed  in  these  experiments  had  all  been  heated  at 
pounds'  pressure  in  an  autoclave. 

?he  rations  employed  were  of  a  character  such  that  without 
led  protein,  the  rice  did  not  carry  enough  of  this  constituent  to 
•XX)rt  appreciable  growth;  and  with  a  suitable  protein  addition 

purified  proteins)  no  growth  could  take  place  without  the  addi- 
1  of  the  essential  accessory  substance  which  can  be  obtained 

extraction  of  certain  foodstuffs  with  water  or  with  alcohol 
tter-soluble  accessory  of  our  preceding  article).  We  were, 
refore,  in  a  position  which  enabled  us  to  detect  injury  to  either 

accessory  substance  or  to  the  proteins  of  the  food  mixture 
ough  the  effects  of  heat. 

-lOt  365  (Chart  4).  These  records  leave  no  room  for  doubt  that 
ey  from  which  the  albumin  has  been  removed  by  boiling 
er  acidifying  with  acetic  acid  may  be  heated  at  the  boiling 
aperature  for  six  hours  without  destroying  the  water-soluble 
^ssory  which  completes  a  ration  of  polished  rice  plus  purified 
►dstuffs  so. as  to  permit  of  normal  growth. 
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Lot  370  (Chart  4)  shows  that  whey  which  has  been  evaporate 
to  a  small  volume  at  or  near  boiling  temperature  and  then  heate 
in  an  autoclave  at  15  pounds'  pressure  for  an  hour  is  still  efficiei 
in  suppljnng  the  water-soluble  accessory  essential  to  growtl 
This  result  is  further  confirmed  by  Lot  374  (Chart  4),  the  recorc 
of  which  are  those  of  rats  fed  heated  whey  with  dextrin,  agar-aga 
butter  fat,  and  unheated  casein. 

The  accessory  substance  does  not  appear  to  have  been  destroye 
to  an  appreciable  extent  through  this  heat  treatment  of  the  whe: 

In  Chart  2  the  marked  improvement  resulting  from  the  add 
tion  of  unheated  casein  to  the  inadequate  diet  of  heated  mil 
supports  the  idea  that  casein  is  the  constituent  of  milk  which 
impaired  by  heat  in  these  experiments  (Lot  260).  Further  su] 
port  of  this  idea  is  seen  in  Lots  379  and  345  (Chart  5).  A  ratio 
of  polished  rice  77,  casein  heated  in  the  autoclave  5,  unheate 
lactose  10,  salts  3,  and  butter  fat  5  per  cent  resulted  in  a  brief  gai 
followed  by  sharp  decline  except  in  one  individual.  The  appeal 
ance  of  these  animals  was  very  miserable. 

In  Lot  345  the  ration  was  identical  with  that  of  Lot  379  (Chai 
5),  except  that  unheated  casein  was  employed  and  the  lacto€ 
was  subjected  to  the  heat  treatment.  Here  we  see  individual 
which  after  approximately  doubling  their  body  weight  have  los 
almost  none  of  this  gain  at  the  end  of  five  months.  From  th 
results  of  the  preceding  paper  we  know  that  the  ration  in  hot 
lots  in  Chart  5  contains  quantities  of  water-soluble  accessory  to 
small  to  support  normal  growth.  From  these  two  experiment 
it  would  seem  proven  that  casein  is  the  constituent  of  milk  whic 
suffers  alteration  by  heat  so  as  to  lose  its  nutritive  value. 

That  casein  which  has  been  heated  is  not  highly  toxic  is  indicate 
by  Chart  6  (Lot  338)  where  is  seen  the  effect  of  adding  to  a  growth 
promoting  ration  heated  and  unheated  casein  respectively  to  rat 
otherwise  nourished  by  a  similar  mixture.  The  heated  casei 
did  not  do  any  appreciable  injury  to  these  rats. 

Lot  254  (Chart  2)  demonstrates  further  that  milk  powder  whic 
has  been  heated  in  the  autoclave  is  not  toxic  to  an  appreqiabl 
degree.  These  rats  were  fed  in  Period  1  a  ration  which  induci 
good  growth,  when  not  heated,  but  is  incapable  of  doing  so  aft* 
heating. 

When  we  superimposed  upon  this  heated  ration  just  suflBcie 
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^^oiJUk  powder  to  supply  the  maintenance  needs  of  the  rats  for  pro* 
^in,  growth  at  once  followed  for  a  period  of  six  or  seven  weeks. 
The  reason  for  this  seems  to  be  clear:  the  biological  value  of  the 
casein  was  destroyed  through  heating  in  the  ration  fed  in  Period  1, 
the  albumin  in  the  milk  was  not  suflScient  in  amount  to  main- 
tain the  animals  without  loss  in  weight.   When  in  Period  2  we 
gave  the  maintenance  needs  of  the  rats  as  unheated  milk  pro- 
teins, this  quantity  of  protein,  supplemented  by  the  albumin  of 
the  heated  milk  powder  was  suflScient  protein  to  induce  growth 
for  a  time. 

Hettger'  and  M6rner^°  have  shown  that  casein  loses  sulphur 
when  heated.    It  is  possible  that  this  may  be  associated  with 
loss  of  eflBciency  of  casein  as  a  foodstuff. 

SUMMARY  OP  CONCLUSIONS. 

X.  Skim  milk  powder  which  has  been  wet  and  long  heated 
»  double  boiler  or  heated  for  a  period  of  one  hour  in  an  auto- 
^'^"ve  at  15  pounds'  pressiu-e,  no  longer  supports  growth  as  does  the 
"*^lieated  product.  When  heated,  milk  powder  also  loses  its  prop- 
^^^y  of  supplementing  certain  rations  made  up  of  polished  rice, 
salts  and  butter  fat;  i.e.,  rations  which  require  both  protein 
water-soluble  accessory  to  make  them  support  growth. 

2.  Wheat  embryo,  which  is  as  efl&cient  as  milk  powder  in  sup- 
plementing such  rice  rations,  can  be  heated  for  one  hour  in  an 
^^-•^'toclave  at  15  pounds'  pressure  without  manifesting  any  deterio- 
'^^ion  in  this  respect  as  does  milk. 

S.  Skim  milk  from  which  the  casein  has  been  removed  (whey) 
^^Xi  be  heated  in  an  autoclave  at  15  pounds'  pressure  for  one 
^^\ir  without  noticeable  loss  of  its  nutritive  properties.  It  still 
^^pplies  the  water-soluble  accessory  in  active  form. 

-4.  Whey  from  which  the  albumin  has  been  removed  by  coagula- 
^^^n  can  be  kept  at  the  boiUng  temperature  for  six  hours  without 
^"^y  appreciable  loss  in  its  activity  as  far  as  the  water-soluble 
^^cessory  is  concerned.  Also  lactose  which  has  been  heated  in 
autoclave  for  one  hour  at  15  pounds'  pressure,  still  behaves 

•Rettger,  L.  F.,  Am,  Jour.  Physiol.,  1901-02,  vi,  450. 
*'M6rner,  K.  A.  H.,  Ztachr.  f.  physioL  Chem.,  1901-02.  xxxiv,  207. 
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as  does  the  unheated  product  in  supplying  to  rations  the 
soluble  accessory. 

5.  Heating  casein  in  a  moist  condition  for  one  hour  in  an 
clave  at  15  pounds'  pressure  destroys  its  biological  valu< 
complete  protein. 

6.  Heated  casein  or  heated  milk  powder  are  shown  to  hav< 
if  any  toxicity.  The  deterioration  is  due  to  a  loss  of  value 
protein  fraction  of  the  ration  through  changes  wrought  i 
casein. 
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Chart  1.  The  curves  of  three  groups  of  rats  are  shov  treatment  given 
^he  milk  powder  in  two  lots. 

Lot  335  illustrates  the  growth  curves  of  young  rats  fed  owder  was  fed  as 
Purchased,  without  heating.  Grow^th  was  entirely  satisfo  litters  of  young; 
^He  other,  one  litter. 

Lot  356  shows  the  depressing  effect  on  growth  which  ro*  a  period  of  four 
^ours  in  a  double  boiler,  the  water  in  which  was  kept  bo^milk  thus  heated, 
^or  without  this  constituent  no  growth  at  all  would  be  in 

Lot  344  shows  the  almost  complete  suppression  of  ^  milk  powder  for 
otie  hour  in  an  autoclave  at  15  pounds'  pressure    The  t\ 
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CJhart  2.  Lot  228  illustrates  the  behavior  of  rats  Iration,  agar-agar, 
^>ctrin,  and  butter  fat.   All  grew  well  during  four  montht  rats. 

lx)t  254  shows  the  effect  on  growth  of  heating  the  mill^  pounds'  pressure 
^^y^riod  1).    In  Period  2  the  heated  milk  powder  w^as  sup,  maintain  animals 
^^thout  loss  of  weight."    Slow  growth  began  at  once  and  powder  is,  there- 
^I'e,  not  toxic  to  an  appreciable  degree,  and  furthermore,  heated  portion  of 
^ilk  powder  the  10  per  cent  of  unheated  would  support  vder  supplemented 
^ith  casein  and  butter  fat  induces  normal  growth.    It,  tlory  and  of  mineral 
^nstituents  to  support  growth.    The  behavior  of  these  itmont  injures  the 
protein  and  thereby  causes  a  loss  of  its  nutritive  efficie 

Lot  260  shows  that  when  in  a  ration  of  milk  powder  anc  during  four  hours 
it  loses  its  power  to  induce  growth.  The  addition  of  10  p€)wth.  In  Period  3 
egg  albumin  was  substituted  for  the  casein,  but  without  b  not  heated,  satis- 
factory for  growth  during  a  long  period. 

"  McCollum  and  Davis,  Jour,  Biol.  Chem.,  1915,  xx,  4: 
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r  3.  Lot  352  illustrates  how  wheat  embryo  can  bring  its  property 
imenting  a  mixture  of  polished  rice,  salts,  and  buted  wheat  embryo, 
^,  furnishes  the  water-soluble  accessory  in  an  act:  powder  on  heat- 
8  property  of  supplementing  the  same  rice,  salts,  the  water-soluble 
i  which  is  essential  for  growth. 

J9  shows  the  records  of  rats  grown  on  a  ration  d  wheat  embryo. 
M  shows  that  heating  wheat  embryo  in  an  autoclimenting  polished 
ts,  and  butter  fat  so  as  to  induce  growth.  Milk  piie  as  a  nutrient, 
lurves  of  six  young  from  these  rats  are  shown  ig  the  first  month 
aning. 
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RT  4.  Lot  370  shows  irhcy)  can  be  heated  in  an  autoclave  for  one 
,  15  pounds'  pressure  SVhey  so  treated  when  fed  with  polished  rice 
beated  casein,  butter  ;  food  mixture  without  the  whey  would  not 
growth  or  prolonged  ifed  by  the  whey  (water-soluble  accessory)  is 
^ward  heat  of  this  in  tod  further  supports  our  contention  that  the 
is  the  part  of  milk  wh 

374  supports  the  vie^escribed  still  serves  to  furnish  the  water- 
accessory  and  when  lupports  fair  growth  during  five  months. 
365  illustrates  the  grotl  albumin  had  been  removed,  and  the  remain- 
ition  evaporated  to  smh  Osborne  and  Mendel  have  termed  ^'protein- 
Ik''  furnishes  the  wat^e,  pure  casein,  and  butter  fat  mixture,  and 
re  supplements  it  so  a 
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AJN  EFFECTIVE  APPARATUS  FOR  EVAPORATING  AQUE- 
OUS EXTRACTS  BY  MEANS  OF  A  CURRENT  OF  AIR. 


Plate  1. 

By  T.  B.  ALDRICH. 
[JF^rom  the  Research  Laboratory  of  Parke y  Davis  and  Compary,  Detroit,) 

(Received  for  publication,  August  25,  1915.) 

In  certain  work  in  biological  chemistry,  where  gland  or  plant 
tissues  are  to  be  thoroughly  exhausted  with  water  or  other  sol- 
vent, the  writer  has  found  it  necessary  to  deal  with  comparatively 
lax"ge  volumes  of  liquid,  the  concentration  or  evaporation  of  which 
fc>i-  further  study  in  the  laboratory  has  presented  some  diflBcul- 
ties  at  times,  owing  to  the  sensitiveness  of  the  active  substance 
contained  in  the  extract  toward  heat. 

Vacuum  concentration  has  its  advantages  where  contact  of  the 
^>c tract  with  air  is  known  to  be  harmful,  or  where  the  body  sought 
volatile,  and  is  the  only  method  to  be  employed  under  these 
^^onditions;  however  where  the  body  to  be  isolated  or  the  solu- 
^icDn  to  be  concentrated  is  not  exceptionally  sensitive  to  oxidation 
is  sensitive  to  heat,  the  evaporation  by  means  of  a  warm  blast 
air  that  may  be  regulated  to  any  temperature,  possesses,  ac- 
^^rding  to  my  observation,  a  number  of  advantages  over  the 
^^cuum  distillation  method. 

For  example,  the  method  is  more  rapid,  especially  at  low  tem- 
t^^ratures;  during  the  evaporation  no  care  is  necessary  as  in  the 
^Use  of  vacuum  distillation;  the  cost  of  evaporation  is  less;  and 
^>^er  heating  at  any  point  is  avoided. 

Unpleasant  smelling  solutions  may  be  evaporated,  since  the 
"V^apor  is  carried  outside  by  means  of  a  good  drawing  flue.  The 
danger  of  contamination  is  sUght,  and  may  be  lessened  by  passing 
"the  air  through  a  suitable  thickness  of  cotton.  To  avoid  any 
danger,  however,  the  resulting  solution  may  be  passed  through 
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a  Berkefeld  filter  under  proper  precautions  in  ease  the  residu 
solution  is  to  be  used  medicinally.  In  certain  cases  it  has  be 
customary  during  evaporation  to  add  some  harmless  volat^S. 
antiseptic,  such  as  chloretone,  which  helps  to  keep  the  solutici=i> 
sterile  during  the  evaporation. 

The  apparatus  has  been  employed  for  over  a  year  and  fourn^ 
very  eflBcient  in  evaporating  aqueous  extracts  of  various  glan(^t2 

By  consulting  the  accompanying  cut  and  drawing  to  seal  ^ 
the  construction  of  the  apparatus  will  become  apparent.  It  h^:^ 
in  its  favor  especially  economy  of  space  and  efficient  utilization  J 
of  the  heated  air. 

The  essential  parts  of  the  apparatus  consist  of  a  motor  oim^  < 
fan,  gas  burner,  and  two  galvanized  iron  pipes  bent  in  the  for 
of  a  U,  one  enclosing  the  other.  The  smaller  is  attached  to  th 
fan  at  one  end  while  the  other  end  terminates  in  the  hood  and 
for  conveying  the  heated  air  obtained  from  the  outside  roon 
This  construction  avoids  mixing  the  air  with  the  products  of  coc 
bustion  which  might  injure  the  products  contained  in  the  liqui^==^ 
to  be  evaporated.  The  inner  pipe  just  below  where  it  leaves  th  ^ 
larger  pipe  divides  into  two  pipes  of  equal  diameter,  containin^S 
gates.  By  this  arrangement  one  or  two  blasts  of  air  may  be  em  — 
ployed  or  one  or  both  may  be  cut  down  as  desired.  Thetyr^^ 
terminal  pipes  have  oblong  openings  8*  x  1*  respectively  and  botfc^ 
orifices  may  be  raised  or  lowered  to  conform  to  the  Loigbt  th^^ 
dish  containing  the  liquid  to  be  evaporated.  All  the  smaL  T 
pipe  inside  the  hood  may  be  removed  in  its  entiret'"'  at  any  tim^^ 

the  space  in  the  hood  is  required  for  other  purposes.    The  ordi  

nary  laboratory  hood  lends  itself  admirably  as  an  exit  for  the  ho^^ 
air,  since  it  is  fairly  tight  and  may  be  closed  if  desired,  thus  fore — 
ing  the  heated  air  and  moisture  through  the  two  flues  (one  — 
sufficient)  to  the  outside  air.  The  hood  pictured  has  a  stean*:  i 
bath  flush  with  the  top  of  the  table,  which  may  be  used,  if  desirec^  - 
for  heating  the  solution  from  below. 

The  outer  pipe  is  covered  with  heavy  asbestos  and  is  soldere^:^ 
at  one  end  pennanently  to  the  top  of  the  hood;  the  other  ope"*^ 
end  is  just  above  the  circular  burner  shown  in  the  cut. 

When  the  burner  is  lit,  the  inner  pipe  is  heated  not  only  directl3^ 
by  the  flame  but  also  by  the  hot  air  and  gaseous  products  cpf 
combustion  which  circulate  freely  through  the  outer  pipe,  escape- 
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Fig.  1.   Apparatus  for  evaporating  liquids  by  means  of  a  current  oi 
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Fig.  2.   Vertical  section  of  evaporating  apparatus. 
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ing  in  part  into  the  hood  and  in  part  at  the  top  of  the  oute 
through  an  opening. 

The  air  blast  is  produced  by  a  No.  1  Sirocco  fan  (shunt  t 
motor)  made  by  the  American  Blower  Company.  The  m< 
rated  at  1/12  h.p.  (120  watts)  and  produces  1,725  revolutio 
minute  at  a  tension  of  120  volts  (1  ampere).  The  volu 
air  passing  through  the  rectangular  orifices  per  minute  is  174 
feet  when  both  gates  are  wide  open.  (Area  of  each  opening 
square  feet;  velocity  of  air  current  1,580  feet  per  minute.) 

The  following  table  gives  some  of  the  actual  results  ob 
by  the  use  of  this  apparatus. 


Volume 

Time  of 

No.  of 

Temperature 
of  liquid. 

Volum 

evaporated. 

evaporation. 

diehes. 

2d 

hr». 

•c. 

1 

880 

3 

2 

28-30 

2 

560 

3 

1 

29-30 

3 

200 

1 

1 

29-31 

4 

200 

1 

1 

31 

5 

550 

2 

1 

29-30 

1 

6 

670 

2 

2 

26-29 

7 

380 

U 

2 

28-30 

8 

420 

U 

2 

28-30 

The  dishes  referred  to  are  of  glass  and  porcelain,  ha\ 
bottom  and  the  dimensions  12*  x  7^*^  x  2^*^.    The  surf 
of  each  dish  is  therefore  only  90  square  inches.    From  t 
lated  results  given  above  it  is  seen  that  even  with  about 
liquid  temperature,  the  amount  evaporated  under  • 
similar  conditions  varies  from  253  to  550  cc,  or  approxi 
1 : 2.    The  variation  can  be  accounted  for  only  by  the 
ture  and  the  varying  amount  of  water  vapor  of  the  air 
the  smallest  and  largest  volumes  evaporated  in  one 
253  cc.  and  550  cc,  wc  sec  that  it  will  take  from  2  to 
evaporate  1  liter  of  liquid.    The  eight  evaporations  gi 
age  of  360  cc.  per  hour,  equivalent  to  1  liter  in  t 
If  more  rapid  evaporation  is  desired,  when  there  is  r 
injury  to  the  extract,  a  higher  temperature  may  be 
heating  the  dishes  from  below%  or  the  water  surf 
increased. 
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An  apparatus  of  somewhat  similar  construction  was  employed 
W  Prof.  Edwin  S.  Faust^  to  evaporate  extracts  susceptible  to  a 
temperature  over  23°C.   This  apparatus  (a  cut  of  which  is  given 
on  page  255  in  the  citation  quoted)  is  arranged  horizontally  in- 
stead of  vertically,  and  its  efficiency  is  less  than  that  of  the  appara- 
tus employed  in  my  laboratory.   Faust  states  that  5  to  6  Uters 
of  aqueous  extract  were  evaporated  in  6  to  8  hours  at  a  tempera- 
ture of  22-30°.    The  dishes  used  in  Faust's  apparatus  had  a 
surface  area  of  about  (57'^  x  12'')  684  square  inches.   The  two 
dishes  employed  in  my  work  have  a  surface  area  of  180  square 
inches  or  0.26  of  Faust's. 

In  one  instance  360  cc.  of  aqueous  solution  were  evaporated  at 
22—26°  in  one  hour;  with  about  four  times  the  area  this  would 
mean  1,440  cc.  per  hour,  providing  other  conditions  were  the 
sajne  and  the  same  eflSciency  prevailed.  Faust's  efficiency  is 
5  to  6  liters  in  6  to  8  hours  or  834-750  cc.  per  hour.  Making 
liberal  allowances,  then,  for  slightly  higher  temperature,  it  would 
seem  that  the  vertical  apparatus  is  more  efficient.  Faust  states 
that  the  cost  of  evaporating  6  liters  of  liquid  is  about  12J  cents 
or  about  2  cents  per  liter.  The  cost  per  hour  of  running  the 
motor  in  my  laboratory  is  about  i  cent  and  the  gas  consumed  per 
hour  is  probably  not  over  1  cent,  making  a  total  of  IJ  cents  for 
evaporating  over  1  liter  of  water. 

The  efficiency  of  the  apparatus  might  be  further  increased  by 
placing  a  horizontal  plate  of  metal  as  wide  as  the  dish  over  the 
'i^liiid  to  be  evaporated,  ext<inding  from  above  the  rectangular 
opening  to  the  further  end  of  the  dish.  This  arrangement  should 
ensure  closer  contact  of  the  air  and  water  and  more  rapid 
^'^aporation. 

My  thanks  are  due  to  Mr.  H.  E.  Whitakcr  of  our  Mechanical 
^^Partment  and  also  to  Mr.  C.  P.  Beckwith,  my  associate,  for  a 
^^Hxber  of  valuable  suggestions  relative  to  the  construction  of  the 
apparatus. 

Faust,  E.  S.,Arch.f.  expcr.  Path.  u.  Pharmakol.,  1904,  li,  255. 


XANTHOPHYLL,  THE  PRINCIPAL  NATURAL  YELLOW 
PIGMENT  OF  THE  EGG  YOLK,  BODY  FAT,  AND 
BLOOD  SERUM  OF  THE  HEN.  THE  PHYSIOLOG- 
ICAL RELATION  OF  THE  PIGMENT  TO  THE  XAN- 
THOPHYLL OF  PLANTS.^ 

Plate  2. 

By  LEROY  S.  palmer.* 
{From  the  Dairy  Chemistry  Laboratory ,  University  of  Missouri ,  Columbia.) 

(Received  for  publication,  September  1,  1915.) 

The  pigmentation  of  the  yolk  of  the  egg  and  of  the  flesh  (body 
fat)  of  poultry  is  a  subject  of  much  practical  importance  in  the 
^gg  and  poultry  industry  of  this  country.    The  consumer  demands 
highly  colored  yolks  in  "fancy"  eggs  throughout  the  year,  and 
the  eggs  with  pale  colored  yolks,  so  frequently  found  on  the  mar- 
^^t  during  the  winter  months,  are  the  object  of  much  complaint, 
^^^ticularly  in  cities.    Similarly,  in  some  sections  of  the  coun- 
the  poultry  trade  demands  a  highly  colored  flesh.    For  the 
^^cy  trade,  however,  the  demand  is  for  a  flesh  with  the  least  color 
^ssible. 

T*lie  yellow  pigment  characterizing  the  skin  of  hens  is  becoming 
^  Considerable  importance  in  judging  their  egg  la>nng  activity. 
^Vis,  Woods'  has  recently  stated  that  heavy  laying  invariably 
^^cluccs  a  marked  reduction  in  the  yellow  color  of  the  shank,  and 
^^t:.,  "it  is  possible  to  say  positively  that  no  bird  which  has  been 
^^igh  producer  will  have  bright  yellow  legs  at  the  end  of  the  lay- 

Published  by  permission  of  the  Director  of  the  Agricultural  Experi- 
^*>^t  Station. 

*  I  am  greatly  indebted  to  Prof.  Harry  L.  Kcrapster  of  the  Department 
^  t^oultry  Husbandry  for  the  use  of  the  experimental  fowls  and  feeding 
^^ipment,  and  for  arranging  for  handling  the  fowls  throughout  the  entire 
'^l^oriment. 

*  'Woods,  C.  D.,  Maine  Agricultural  Experiment  Station,  Press  Letter 
lUy  Sept.  30,  1914. 
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ing  season."  It  should  be  pointed  out,  however,  that  Woods  is 
mistaken  in  assuming  that  the  pigment  of  the  egg  yolk  and  body 
fat  of  the  hen  is  carotin,  as  the  data  presented  presently  will  show. 
Similarly,  Blakcslee  and  Warner*  have  presented  data  that  are 
believed  to  prove  conclusively  that  pale  yellow  shanks  and  beak, 
and  especially  ear  lobes  in  the  hen  are  an  indication  of  much 
greater  previous  egg  laying  activity  than  yellow  shanks,  beak, 
and  ear  lobes.  "The  assumption  is  that  laying  removes  the 
yellow  pigment  with  the  yolks  more  rapidly  than  it  can  be  re- 
placed by  normal  metabolism,  and  in  consequence,  the  ear 
lobes,  beak,  and  legs  become  pale  by  this  subtraction  of  the 
pigment.'' 

The  yellow  pigment  of  the  egg  yolk  has  recently  been  iden- 
tified from  a  chemical  standpoint  by  Willstatter  and  Escher.* 
These  investigators  isolated  the  principal  pigment  from  the 
yolks  of  6,000  hen  eggs  in  crystalline  form,  and  from  its  chemical 
constitution  and  properties  believe  it  to  be  isomeric  with  the 
crystalline  xanthophyll  of  the  chloroplast.  As  a  member  of  the 
xanthophyll  group  of  pigments  Willstatter  and  Eschcr  designate 
the  pigment  "Xanthophyll  B."  As  a  distinct  animal  pigment, 
however,  these  authors  designate  the  pigment  as  Lutein.  The 
presence  of  a  carotin-like  pigment  accompanying  the  Lutein  in 
very  small  proportion  is  reported  by  these  investigators.  An  ex- 
cellent review  of  the  chemical  studies  of  the  egg  yolk  pigment 
which  preceded  their  own  is  given  in  the  paper. 

While  the  work  of  Willstatter  and  Escher  probably  is  to  be 
regarded  as  the  final  identification  of  the  egg  yolk  pigment,  the 
relation  of  the  pigment  to  the  plant  xanthophylls  was  first  shown 
by  C.  A.  Schunck.®  Some  exceptionally  beautiful  spectroscopic 
studies  led  this  investigator  to  classify  the  flower  and  plant 
xanthophylls  into  three  groups  according  to  the  action  of  dilute 
HCl  and  HNOs  upon  their  spectroscopic  absorption  bands.  The 
three  groups  were  designated  L,  B,  and  Y  xanthophyU,  respec- 
tively. Similar  studies  of  the  yellow  pigment  of  the  yolk  of 
hen  eggs,  and  of  the  blood  serum  of  the  hen  led  Schunck  to 

*  Blakeslee,  A.  F.,  and  Warner,  D.  E.,  Science ^  1915,  xli,  432. 

*  Willstatter,  R.,  and  Escher,  H.  H.,  Ztschr.f.  physiol.  Chem.,  1911-12, 
Ixxvi,  214. 

*  Schunck,  C.  A.,  Proc.  Roy.  Soc,  1904,  Ixxii,  170. 
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Fig.  1. 


Fig.  2. 


Fig.  3. 


Kio.  !•    Color  of  raw  yolk  on  pigment-free  ration  at  close  of  experiment. 
fTxo.  2.    Color  of  raw  yolk  on  carotin  ration  at  close  of  experiment. 
F*io.  3.    Color  of  raw  yolk  on  xanthophyll  ration  at  close  of  experiment. 
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beli^-ve  that  the  two  pigments  were  identical  with  the  L  xantho- 
pt^yll  which  he  had  isolated  in  a  crude  way  from  flowers  and 
g^^e^n  grass. 

Studies  published  by  Palmer  and  Eckles^  have  shown  that  the 
natrxxral  yellow  pigment  that  characterizes  the  milk  fat,  body 
fat.,  corpus  luteum,  and  blood  serum  of  the  cow  is  physiologically, 
as  Well  as  chemically,  identical  with  the  carotin  of  the  chloro- 
pl^^st,  and  depends  upon  the  presence  of  this  pigment  in  the  food 
for  its  presence  in  the  body  tissue,  fluids,  and  secretions  of  the 
a»iiimal  body.   Combining  these  results  with  the  findings  of 
Schunck,  and  Willstatter  and  Escher,  a  similar  relation  between 
^he  xanthophyll  pigment  of  the  egg  yolk  and  the  xanthophyll 
the  chloroplast  naturally  suggests  .itself.   Should  such  a  re- 
fill; be  confirmed  there  would  be  presented  the  very  interest- 
phenomena  of  the  inability  of  the  cow  to  take  up  the  xantho- 
P^^yll  pigments  to  any  extent  and  the  similar  inability  of  the  fowl 
rnake  use  of  the  carotin;  the  major  pigment  being  carotin  in 
^t^o  case  of  the  cow  and  xanthophyll  in  the  case  of  the  hen. 

Such  a  result  in  the  case  of  the  fowl  would  be  especially  strik- 
in  view  of  the  ease  with  which  it  has  been  found  possible  to 
^^p>osit  fatnsoluble  dyes  in  the  egg  yolk  and  body  fat,  and  even 
^^^xismit  them  to  the  chick.  Thus,  Gage*  has  deposited  Sudan 
-'^I  in  the  egg  yolk  and  body  fat  of  the  hen  by  feeding  the  dye, 
^^ci  the  pigment  was  also  found  in  the  fatty  tissue  of  the  newly 
^^tched  chicks  from  eggs  colored  in  this  way.  Similar  results 
^^"v^e  been  obtained  by  Mendel  and  Daniels.' 

3l-iaying  aside  for  the  present  the  question  of  the  relative  utili- 
^'^'tion  of  the  plant  carotin  and  xanthophylls  by  the  hen,  a  ph3rsio- 
^^^ical  relation  between  the  primary  egg  yolk  pigment  and  the 
"^^^•^thophylls  of  the  feed  is  reasonably  well  established  by  pub- 
"^^l>ed  observations  of  the  influence  of  various  feeds  upon  the  color 
the  yolk.  Thus  the  Maryland  Agricultural  Experiment  Sta- 
has  carried  on  feeding  trials  of  this  character*®  in  which  yel- 

Palmer,  L.  S.,  and  Eckles,  C.  H.,  Jour,  Biol.  Chem.,  1914,  xvii,  191 ;  Afis- 
"^^ri  Agricultural  Experiment  Station  Research  Bulletins f  Nos.  9,  10,  11, 
^"^^12,  1914. 

•  Gage,  S.  H.,  and  Gage,  S.  P.,  Science,  1908,  xxviii,  494. 

*  Mendel,  L.  B.,  and  Daniels,  A.  L.,  Jour.  Biol.  Chem.,  1912-13,  xiii,  71, 
*  '•Opperman,  C.  L.,  Country  Gentleman^  1914,  Ixxix,  pt.  i,  432. 
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low  corn,  comprising  about  half  the  ration  and  fed  as  a  scratd 
feed  with  bran,  gluten  meal,  and  beef  scrap  to  laying  hens,  wa 
compared  with  a  ration  in  which  the  yellow  com  was  replaced  be 
whole  wheat  and  in  another  case  with  equal  parts  of  yellow  cor:: 
and  wheat.  The  eggs  from  the  lot  receiving  yellow  corn  sm 
showed  yolks  with  a  deep  yellow  color;  those  from  the  lot  recei^ 
ing  corn  and  wheat  showed  yolks  with  a  fair  yellow  color;  whiZ 
the  eggs  from  the  wheat-fed  lot  had  yolks  noticeably  very  paZ 
colored.  The  simplest  explanation  of  this  result  is  foimd  in  thr 
fact  that  yellow  corn  is  very  rich  in  xanthophyll,  as  was  pointe— 
out  by  Palmer  and  Eckles  from  this  laboratory  in  connection  wit: 
the  relation  of  the  milk  fat  pigment  to  the  plant  carotin  an-^ 
xanthophylls. 

It  was  with  the  view  of  furnishing  definite  experimental  ev^ 
dence  of  a  physiological  relation  between  the  plant  xanthophyU 
and  the  natural  egg  yolk  pigment  that  the  experiments  herm 
reported  were  instituted. 

Methods  of  Investigation, 

The  several  methods  by  which  it  was  expected  to  establish  tb^ 
physiological  relation  between  the  plant  xanthophylls  and  tlr" 
egg  yolk  pigment  were  as  follows: 

1.  To  ascertain  whether  feeds  carrying  xanthophyll  to  the 
exclusion  of  carotin  will  increase  the  amount  of  xanthophy 
carried  by  the  blood  serum  and  deposited  in  the  egg  yolk. 

2.  To  ascertain  whether  feeds  free  from  both  xanthophyll  sum 
carotin  will  reduce  the  amount  of  xanthophyll  carried  by  th-^ 
blood  serum  and  deposited  in  the  ogg  yolk,  and  to  what  exten 
such  a  reiiuction,  if  possible,  can  be  carried. 

3.  To  ascertain  whether  feeds  earr>4ng  carotin  to  the  exclusion 
of  xanthophyll  will  increase  the  carotin  carried  by  the  blood  serunr 
and  egg  yolk;  in  other  words,  to  ascertain  to  what  extent  the  lay- 
ing hen  can  make  use  of  carotin  for  the  pigmentation  of  the 
egg  yolk. 

•  4.  To  ascertain,  if  possible,  how  the  blood  serum  of  the  hen 
carries  the  carotin  and  xanthophyll  pigments.  The  studies  with 
the  cow  showed  that  the  carotin  was  carried  by  the  blood  serum 
as  a  water-soluble  caroto-albuniin. 
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Character  of  Rations  and  Pigments  Fed, 

The  experimental  rations  selected  to  conform  to  the  plan  out- 
Uned  above,  together  with  the  ration  which  the  hens  received 
preliminary  to  the  experimental  rations,  are  shown  in  Table  I. 

TABLE  I. 

Preliminary  and  Experimental  Rations. 


Preliminary. 

Parte 

Non-pigmented. 

Partfl. 

Xanthophyll. 

Parts 

Carotin. 

Parts 

bellow  corn,  11.3 
^heat,  4.7 
^«"an,  2.0 
Middlings,  2.0 
^^cf  scrap,  1.0 

White  com,  16.0 
Bran,  2.0 
Middlings,  2.0 
Beef  scrap,   1 .0 

Yellow  corn,  16.0 
Bran,  2.0 
Middlings,  2.0 
Beef  scrap,       1 .0 

White  corn,  16.0 
Bran,  2.0 
Middlings,  2.0 
Beef  scrap,  1.0 
Carrots,  .... 

Experimental  rations. 

j  Scratch  feed 

Whole  and  ground  corn 

J  Mash 

Com  1  part 
Bran  1  part 
Middlings  1  part 
Beef  scrap  i  part 


The  table  shows  that  yellow  com  comprised  a  little  over  one- 
li^lf  the  preliminary  ration  and  about  75  per  cent  of  the  xantho- 
phyll ration. 

The  rations  were  fed  in  the  following  manner: 

Preliminary  rations. 

Scratch  feed 
Com  2  parts 
Wheat  1  part 
*  ^ash 

Com  1  part 
^ran  1  part 
Middlings  1  part 
^eef  scrap  }  part 

t--ater  in  the  experiment  two  changes  were  made  in  the  rations; 
bran  was  taken  out  of  the  non-pigmented  and  carotin  rations 
being  a  source  of  too  much  xanthophyll;  the  scratch  feed  re- 
to  one-third  in  the  xanthophyll  ration,  and  a  corresponding 
^^^ount  of  ground  yellow  corn  incorporated  in  the  mash.  The 
^^^t:.^  of  these  changes  is  shown  in  Table  III. 

I XI  the  case  of  the  carotin  ration  the  same  proportion  of  the 
was  used  as  in  the  non-pigmented  ration,  but  a  smaller 
^'^ount  of  total  feed  was  given  the  hens  and  they  were  given 
^;^^^8s  to  as  much  whole  and  pulped  carrots  as  they  would  eat. 
fc^^  pulp  was  mixed  with  the  grain  mash  and  every  opportunity 


266 


Xanthophyll 


given  the  hens  to  consume  as  large  a  quantity  of  the  carrots  at 
possible. 

A  careful  study  was  made  at  the  beginning  of  the  experimeni 
in  regard  to  the  amount  of  pigment  carried  by  the  diflferent  con- 
stituents of  the  rations,  and  particularly  whether  they  carriec 
appreciable  amounts  of  xanthophyll.  These  studies  were  madi 
by  extracting  the  air  dry  materials  with  alcohol  and  ether  until  nc 
more  yellow  pigment  was  extracted,  securing  the  imsaponifiablt 
pigment  in  the  usual  way,  and  then  studying  the  relative  propor 
tion  of  the  total  color  due  to  carotin  and  xanthophyll  respect 
tively.  This  was  done  by  a  careful  separation  of  the  total  pig; 
ment  between  petroleum  ether  and  80-85  per  cent  alcohol  unti 
each  solution  yielded  no  more  pigment  to  fresh  portions  of  th- 


TABLE  IT. 

Relative  Proportion  of  Color  Extracted  from  Feeds  Due  to  Carotin  and 

Xanthophylls. 


Feed. 

Xanthophyll. 

Carotin. 

Units  of 
yellow. 

Units  of 
red. 

Uniu  of 
yellow. 

Units  of 
red. 

Bran,  middlings,  beef 

scrap  mash  

33.0 

0.8 

9.0 

0.9 

Yellow  corn  

60.8 

3.8 

54.0 

1.5 

Carrots  

36.0 

1.0 

46.8 

6.6 

other  solvent.  In  this  way  practically  all  of  the  carotin  was  ot 
tained  in  the  petroleum  ether,  and  the  xanthophyll  in  the  alec 
hoi.  Each  portion  of  the  total  pigment  was  concentrated  to 
volume  of  12.5  cc.  and  the  color  noted  in  a  one  inch  layer  with  Urn 
Lovibond  tintometer.  The  amount  of  feed  taken  for  study  vm 
sufficient  for  one  day's  feed  for  two  hens,  with  the  exception  of  thj 
yellow  com  and  carrots,  where  just  sufficient  was  used  to  give  t 
good  analysis.  Table  II  shows  the  results  of  these  studies 
Tests  on  the  individual  constituents  of  the  mash  showed  tha. 
practically  all  the  carotin  came  from  the  beef  scrap  and  the  greatesi 
proportion  of  the  xanthophyll  from  the  bran.  It  was  on  the  basS 
of  this  study  that  the  bran  was  subsequently  removed  from  tlu 
ration  of  the  hens  on  the  non-pigmented  and  carotin  diets. 
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The  appreciable  quantity  of  xanthophyll  in  the  carrots  is 
rko-fcable.    Similarly  the  yellow  com  contained  considerable  caro- 
fciTi .    In  interpreting  the  tintometer  readings  the  units  of  red 
muist  be  taken  into  account  as  well  as  the  units  of  yellow,  for  it  is 
tln.^  former  that  measure  the  intensity  of  the  pigment.  Unfortu- 
na-tidy,  the  color  readings  do  not  give  a  quantitative  measure  of 
t^kie  pigment.    This  is  due  to  the  fact  that  carotin  is  a  much  more 
immense  pigment  than  xanthophyll.    Using  the  fact  that  equal 
vmi-ts  of  red  and  yellow  are  together  equivalent  to  a  pure  orange 
color,  it  is  seen  that  under  the  experimental  conditions  used  the 
color  produced  by  the  xanthophyll  of  the  yellow  com  consisted  of 
3.S  imits  of  orange  and  57  units  of  yellow  while  the  color  produced 
t>3^  i;he  carotin  of  the  yellow  com  consisted  of  1.5  units  of  orange 
52.5  units  of  yellow.    Thus  the  xanthophyll  solution  was  only 
^l>out  8.5  per  cent  more  yellow  but  over  one  and  one-half  times  as 
or^:jige  as  the  carotin  solution  from  the  same  com.    Similar  in- 
^^^•'^retations  are  readily  made  for  all  the  tintometer  readings 
are  particularly  significant  when  applied  to  the  egg  yolk 
^^l^rs  given  in  a  subsequent  table. 

^^ix  White  Leghorn  hens,  two  in  each  group,  were  used  for  the 
^^^t^eriment.   All  the  hens  were  characterized  by  having  pale 
^^IJow  shanks  and  beaks,  and  colorless  ear  lobes.   Each  pair 
liens  was  housed  separately  throughout  the  entire  experiment 
a  dirt  floor  covered  with  clean  straw.    The  hens  never  had 
^^Ciess  to  any  food  other  than  the  experimental  rations.  All 
eggs  were  saved  and  the  color  of  the  yolks  was  noted.  Several 
^^gs  were  obtained  from  each  group  while  still  on  the  preliminary 
^^tion. 

In  stud3ring  the  color  of  the  yolks  the  plan  was  to  hard  boil 
^he  eggs,  remove  the  yolk  and  spread  it  out  in  a  small  tray  before 
^he  Lovibond  tintometer,  and  compare  the  color  with  the  stand- 
^d  glasses  viewed  from  a  similar  amount  of  the  Lovibond  "stand- 
are  white""  spread  out  in  a  similar  way.  As  the  experiment 
progressed,  however,  the  increasing  paleness  of  the  yolks  of  the 
€ggs  from  two  of  the  groups  made  it  necessary  to  change  the 
method  in  order  that  more  color  could  be  observed  for  analysis. 
The  second  method  consisted  in  a  careful  separation  of  the  white 


"  The  "standard  white"  is  the  highest  purity  CaS04. 


TABLE  III. 


Effects  of  Rations  on  Color  of  Egg  Yolk, 


Non-pigmented  ration. 

Xanthophyll  ration. 

Carotin  ration. 

Date. 

Units  of 
yellow. 

Unitflof 
red. 

Date. 

Units  of 
yellow. 

Unit«  of 
red. 

Date. 

Units  of 
yellow. 

U 

Preliminary  ration. 

Preliminary  ration. 

Preliminary  rati« 

1915 

1915 

1915 

Feb. 

Feb. 

Feb. 

19 

4.5 

1.1 

19 

4.0 

1.1 

17 

3.2 

20 

4.5 

1.0 

21 

5.0 

1.2 

17 

2.6 

20 

5.0 

1.2 

20 

3.2 

22 

5.0 

1.2 

22 

2.5 

Experimental  ration. 

Experimental  ration. 

Non-pigmented  rat 

23 

4.5 

1.2 

23 

4.0 

1.2 

23 

2.5 

25 

4.0 

1.0 

24 

7.0 

1.7 

24 

1.7 

25 

3.7 

1.0 

26 

7.5 

1.8 

25 

2.5 

27 

3.3 

1.0 

26 

5.5 

1.3 

26 

5.0 

27 

Mar. 
1 

3.5 
2.7 

1.0 
1.0 

27 
28 
Mar. 

6.0 
4.5 

1.7 
1.7 

Car 

otin  rati 
3.7 

on. 

1 

3.0 

1.1 

1 

4.9 

1.3 

Mar. 

3.2 
2.5 
2.4 

3 

2.4 

0.6 

1 

4.0 

1.4 

1 
3 
4 

3 

2.0 

0.5 

2 
2 
4 
4 

3.5 
4.5 
4.1 
3.5 

0.9 
1.1 
1.0 
0.8 

5* 

5.0 

1.8 

5* 

7.0 

3.4 

6* 

6.0 

5 

6.0 

2.8 

6 

7.0 

3.2 

8 

5.9 

7 

6.0 

2.8 

7 

6.9 

3.2 

10 

5.9 

7 

5.0 

1.7 

8 

6.9 

3.4 

13 

4,8 

9 

5.9 

2.6 

8 

6.9 

2.9 

15 

6.0 

9 

5.0 

1.9 

10 

6.9 

3.2 

16 

5.4 

10 

5.9 

2.4 

12 

6.9 

3.2 

17** 

5.4 

12 

4.9 

2.1 

13 

7.0 

3.2 

19 

4.9 

13 

5.4 

1.9 

15 

7.3 

4.0 

20 

6.1 

14 

4.5 

1.8 

17 

5.8 

3.3 

22 

5.4 

16*** 

4.1 

1.6 

19 

7.8 

4.1 

28 

4.9 

17 

5.0 

1.5 

19 

7.3 

3.5 

29 

5.4 

18 

4.5 

1.5 

20 

7.3 

3.4 

19 

4.5 

1.5 

21 

7.8 

5.1 

21 

4.0 

1.5 

22 

7.8 

4.8 

22 

4.0 

1.3 

22 

7.8 

4.0 

24 

3.5 

1.2 

24 

6.8 

3.3 

26 

3.2 

1.0 

26 

6.8 

3.5 

27 

3.3 

1.0 

26 

5.8 

4.0 

27 

4.0 

1.5 

28 

6.8 

3.0 

29 

4.0 

1.2 

29 

6.8 

3.8 

29 

3.2 

1.0 

31 

7.8 

4.8 

*  Raw  yolk  analysis  began. 
**  One  hen  of  this  lot  stolen. 

***  Bran  removed  from  ration  of  non-pigmcnted  and  carotin  lotf 
scratch  feed  of  xanthophyll  lot  cut  to  one-third  of  ration. 
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and  yolk  of  the  raw  egg  and  spreading  the  raw  yolk  upon  a  white 
porcelain  crucible  cover. 

The  experiment  was  stopped  when  the  egg  yolks  of  the  three 
lots  of  hens  had  apparently  been  influenced  as  much  as  the  ra- 
tions used  would  allow.  All  the  hens  were  bled  to  death  and 
studies  made  in  regard  to  (1)  the  amount  of  pigment  carried  in 
the  blood  serum  of  each  group,  (2)  the  character  of  the  pigment 
present,  and  (3)  the  way  in  which  the  serum  carried  the  pigment. 

RESULTS  OF  EXPERfMENT. 

Influence  of  Rations  on  Color  of  Yolks. 

The  color  of  the  egg  yolks  when  the  hens  were  on  the  prelimi- 
nary ration,  and  the  influence  of  the  different  experimental  ra- 
tions on  the  color  as  determined  by  the  methods  given  above  are 
shown  in  Table  III.  The  maximum  effects  of  the  three  rations 
^re  given  in  Plate  2. 

An  examination  of  the  data  in  Table  III  shows  that  a  gradual 
eduction  in  the  amount  of  pigment  deposited  in  the  yolk  ac- 
^mpanied  the  change  from  a  ration  carrying  a  moderate  amount 
xanthophyll  (preliminary  ration)  to  a  ration  carrying  a  very 
snaall  amount  of  xanthophyll.  In  eight  days  the  color  of  the 
yollcs  of  the  non-pigment  group  had  become  so  pale  that  the  hard 
foiled  yolks  showed  scarcely  enough  color  to  measure  with  the 
■'-ovibond  tintometer.  Very  little  further  reduction  in  color  oc- 
^^i^ed  until  the  bran  was  removed  from  the  ration  on  March  16. 

eight  days  the  color  had  reached  the  lowest  level  attained,  the 
^i^tiometer  reading  of  the  raw  yolk  showing  only  3.2  units  of 
^^llow  and  1.0  unit  of  red.    It  is  not  probable  that  the  color 
"the  yolks  of  this  lot  of  hens  would  have  been  reduced  further, 
ration  still  contained  a  small  amount  of  xanthophyll,  cer- 
^^i^ly  sufficient  to  account  for  all  that  was  deposited  in  the  yolks 
^l>^n  it  is  considered  that  the  pigment  found  there  represented 
accumulated  pigment  carried  in  the  blood  through  the  period 
^^^inng  which  the  yolk  was  being  formed.    According  to  Rogers** 
^l^^  period  required  for  the  complete  formation  of  the  yolk  is 


Rogers,  C.  A.,  Proc.  Internal.  Assn.  Instructors  and  Investigators  in 
^^-^Itry  Husbandry,  1909,  i,  77. 


270 


Xanthophyll 


about  fourteen  days.    (Observation  made  during  heavy  laying. 
season.)    It  is  apparent  from  this  that  an  absolute  eliminatioE-^i^i 
of  pigment  from  the  ration  would  be  necessary  in  order  to  produc«^^c 
an  absolutely  non-pigmented  yolk. 

Very  interesting  results  were  obtained  on  increasing  the  xanthous  .czi 
phyll  in  the  ration  in  the  case  of  the  xanthophyll-fed  hens.  A-^^  i 
anticipated,  a  considerable  increase  in  the  color  of  the  yollofeUll 
accompanied  the  addition  of  more  xanthophyll.  Especially  strifeCi-ii 
ing,  however,  was  the  almost  immediate  eflfect  of  the  adde^^f  6 
xanthophyll  as  shown  by  the  data  in  Table  III.  A  marked  inmiM:  ii 
crease  in  the  color  was  noted  on  the  second  day  after  the  chan^^_«ng 
in  ration.  This  was  no  doubt  due  to  the  fact  that  the  greateat^i^ea 
part  of  the  yolk  is  formed  during  a  relatively  short  period  of  tim*  mt^bdc 
As  a  matter  of  fact  it  was  observed  in  the  case  of  the  highly  color^^— a-e( 
yolks  from  the  eggs  laid  on  February  24  and  26  that  it  was  thM'^he 
outer  part  of  the  yolks  that  was  more  intensely  colored.  ThMl^hc 
high  color  obtained  at  the  beginning  of  the  experiment  did  nc^-^not 
persist,  however,  but  a  gradual  reduction  occurred  until  the  lev-^^^I 
of  the  preliminary  ration  was  reached.  This  was  judged  to  h*'  be 
due  to  a  failure  to  consume  the  scratch  feed  which  contained  hdT  by 
far  the  greater  proportion  of  the  xanthophyll  of  the  total  ratio:  ^^iDn, 
When  this  was  remedied  by  reducing  the  scratch  feed  to  one-thir — :»d, 
instead  of  two-thirds  of  the  ration,  and  increasing  the  amount »  of 
yellow  corn  in  the  mash  a  corresponding  amount  (March  16),      -  a 

rapid  rise  in  the  color  of  the  yolks  occurred  at  once,  a  maximu  mmi 

of  7.8  units  of  yellow  and  5.1  units  of  red  being  reached  on  tl^Bie 
fifth  day  after  the  change.    The  pronounced  orange  tint  of  tl^^e 
color  is  notable,  the  tintometer  reading  showing  5.1  units  of 
orange  and  2.7  units  of  yellow,  nearly  twice  as  much  orange 
yellow. 

The  results  obtained  with  the  carotin-fed  hens  were  in  evei^^y 
respect  similar  and  nearly  identical  with  the  results  from  t^*^^ 
hens  fed  the  pigment-free  ration.    Although  the  former  studi 
made  in  this  laboratory  on  the  relative  utihzation  of  carotin 
xanthophyll  by  the  cow  anticipated  in  a  measure  the  results  o 
tained  with  the  hen,  it  was  nevertheless  astonishing  to  find  " 
what  a  small  extent  the  hen  is  able  to.  take  up  the  carotin  fr 
her  feed  and  deposit  it  in  the  egg  yolk.    The  data  show  that  tl 
change  of  the  ration  caused  a  decrease  in  the  color  of  the  yol 
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When  the  carrots  were  added  to  the  ration  on  February  27  there 
was  practically  no  effect  on  the  color  of  the  yolks.    In  spite  of  the 
fact  that  the  hens  in  this  group  were  not  laying  as  many  eggs 
as  the  hens  on  the  non-pigmented  ration,  which  would  tend  to 
increase  to  some  extent  the  color  of  the  yolks,  the  color  analyses 
of  the  two  groups  of  hens  followed  each  other  almost  identically 
up  to  the  time  the  bran  was  removed  from  the  ration  of  the  two 
groups  on  March  16.    Up  to  this  time  it  was  not  possible  to  tell 
which  eggs  came  from  the  non-pigment  group  and  which  came 
from  the  carotin  group.   After  March  16,  however,  the  egg  yolks 
from  the  hens  fed  the  pigment-free  ration  suffered  a  further  de- 
cline in  color,  as  already  noted,  which  was  not  obtained  in  the  case 
of  the  carotin-fed  hen.   This  may  have  been  due  to  the  fact 
"that  more  carrots  were  eaten  after  the  removal  of  the  bran  from 
"the  ration,  thereby  suppljdng  about  as  much  xanthophyll  as  was 
removed  with  the  bran.   Some  of  the  color  deposited  in  the  yolks 
of  this  group  of  hens  was  unquestionably  carotin  in  nature,  as  a 
study  of  the  egg  yolk  at  the  end  of  the  experiment  showed.    It  is 
also  probable  that  a  slightly  greater  proportion  of  carotin  to  the 
total  pigment  resulted.   These  studies  are  reported  below.    It  is 
impossible,  however,  for  the  failure  of  the  carrots  to  materially 
increase  the  color  of  the  egg  yolk  to  have  been  due  to  a  failure 
the  part  of  the  hens  to  consume  an  adequate  amount  of  the 
^^od.   Large  amoimts  of  carrots  were  found  in  the  craw  and 
gizzard  of  the  carrot-fed  hen  that  was  killed  at  the  close  of  the 
^^Periment. 

influence  of  Rations  on  Pigment  Carried  by  Blood  Serum. 

At  the  close  of  the  feeding  experiment  the  five  hens  remain- 
on  the  test  were  bled  to  death.    The  blood  of  each  pair  of 
^^iis  was  combined,  and  the  blood  defibrinated  at  once  by  vigorous 
^t^alcing  with  glass  beads  in  an  Erlcnmej^er  flask.   The  defibri- 
blood  was  filtered  and  centrifuged  until  perfectly  clear, 
'^^^lyses  of  the  amount  of  color  due  to  the  combined  carotin  and 
'^^^thophyll  carried  by  a  unit  volume  of  serum  were  made  on  the 
from  each  experimental  group  of  hens.    The  method  of 
^^^lysis  was  to  desiccate  5  cc.  of  the  serum  with  plaster  of  Paris 
shake  the  powder  with  ether,  and  then  with  petroleum  ether, 
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after  moistening  with  absolute  alcohol,  until  no  more  color  ^jr^M 
extracted.  The  combined  extracts  were  concentrated  to  sm  mW 
volume,  made  up  to  12.5  cc.  with  absolute  alcohol,  and  the  co^Hor 

of  this  solution  was  observed  in  one  inch  layer  in  the  Lovibo  nd 

tintometer. 

In  the  case  of  the  combined  blood  from  Hens  1  and  2,  fed  tzzilhe 
non-pigmented  ration,  5  cc.  of  the  serum  yielded  no  percepti^P^le 
color  using  the  above  method.    On  addition  of  sufficient  alcol^Miol 
to  precipitate  the  proteins  from  the  total  serum  remaining  ^^(50 
cc.)  and  shaking  with  a  mixture  of  ether  and  petroleum  ether  ir^Hi  a 
separatory  funnel,  a  noticeable,  but  faint,  yellow  color  appean^^ed 
in  the  ethereal  layer.   Attempts  to  secure  more  of  the  pigm^^«nt 
from  the  alcoholic  layer  were  without  success,  although  the  p:r  pro- 
tein was  filtered  ofif  and  boiled  with  absolute  alcohol,  and  l^fc^he 
extract,  in  combination  with  the  filtrate  from  the  proteins,  ca  — ^re- 
fully  extracted  with  ether  after  saponification  with  NaOH.  Tl^'Tis 
ether  extract  was  added  to  the  first  petroleum  ether  extract  of  WKtbe 
serum  for  fear  that  it  might  contain  traces  of  pigment  imperceii3)t- 
ible  to  the  eye.    In  order  to  obtain  all  the  yellow  pigment  carnSed 
by  the  blood  of  the  two  hens,  with  the  exception  of  the  5  cc.  of 
serum  first  tested,  an  extract  was  made  of  the  total  corpu»^Ie 
layer  from  the  centrifuging  of  the  defibrinated  blood.  T^Mns 
was  done  by  desiccating  with  plaster  of  Paris  and  shaking  witfa  a 
mixture  of  equal  parts  of  alcohol  and  ether.   The  extract  was 
diluted  with  much  water  and  the  ether  layer  which  rose  to  the  't>op 
washed  clear  with  water.  It  contained  a  bare  trace  of  yellow  color. 
This  was  added  to  the  extracts  already  obtained  from  the  servun, 
the  combined  solution  containing  all  the  yellow  pigment  carried 
by  the  blood  of  the  two  hens  on  the  non-pigmented  ration,  wit* 
the  exception  of  5  cc.  of  serum.   The  pigmented  solution 
concentrated  in  absolute  alcohol,  made  up  to  12.5  cc.  with  -fcl^^ 
same  solvent,  and  the  color  noted  in  one  inch  layer  in  the  Lo^^' 
bond  tintometer.    The  result  is  given  in  Table  IV.    A  relati^^ 
solubility  separation  of  the  pigment  between  83  per  cent  alcob^' 
and  petroleum  ether  showed  that  a  small  proportion  of  the  pi^' 
mcnt  was  carotin,  but  the  greater  part  showed  the  properties 
xanthophyll. 

The  analysis  of  the  combined  blood  from  Hens  3  and  4,  fed  tb^ 
xanthophyll  ration,  was  in  marked  contrast  to  that  from  the  her^* 
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the  non-pigmented  ration.  Whereas  the  blood  serum  from 
latter  showed  no  perceptible  pigment  in  5  cc,  and  only  a 
11  amount  in  the  total  blood,  5  cc.  of  the  serum  from  the 
Jiophyll-fed  hens  yielded  about  one-half  as  much  color  as  was 
,ined  from  the  total  blood  of  the  two  hens  fed  the  non-pig- 
ted  ration.  The  results  of  the  analysis  of  three  5  cc.  por- 
5  of  the  serimi,  carried  out  by  the  method  previously  described, 
shown  in  Table  IV. 

TABLE  IV. 

Influence  of  Rations  on  Amount  of  Pigment  in  Blood  Serum. 


Ration. 


Jiophyll  (Sample  1) 
.hophyll  (Sample  2) 
hophyll  (Sample  3) 

pigmented  

pigmented  

tin  


Color  of  extract. 
Volume  of   


serum  used. 

Unite  of 
yellow. 

Unite  of  red. 

cc. 

5 

7.5 

0.5 

5 

6.5 

0.5 

5 

7.0 

0.6 

5  No  perceptible  color. 

50  (blood)        16.0      I  1.7 
5  No  perceptible  color. 


1  examination  of  the  pigment  extracted  in  all  three  cases 
the  xanthophyll  serum  showed  the  presence  of  a  portion  rela- 
y  more  soluble  in  petroleum  ether  than  in  85  per  cent  alco- 
indicating  carotin.  In  the  case  of  Sample  2,  the  separation 
e  carotin  and  xanthophyll  was  made  as  quantitative  as  pos- 
and  the  color  of  each  portion  observed  in  12.5  cc.  volume 
3ne  inch  layer.    The  results  were  as  follows: 

portion  of  Pigment  from  Serum  Due  to  Carotin  and  Xanthophyll. 

Units  of  Units  of 

yellow.  red. 

arotin                                                      2.0  0.2 

Xanthophyll                                                4.5  0.3 

le  examination  of  the  blood  serum  of  Hen  5,  fed  the  carotin 
n,  gave  results  identical  with  those  obtained  from  the  serum 
le  hens  fed  the  non-pigmented  ration.  Two  trials  with  5 
ortions  of  the  serum,  extracting  in  one  case  with  ether  and 
)leum  ether  after  complete  desiccation  with  plaster  of  Paris, 
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and  in  the  other  case  precipitating  the  proteins  with  alcofaoj 
and  extracting  the  precipitate  with  boiling  alcohol,  failed  -to 
yield  any  yellow  color  perceptible  to  the  eye.  There  was  not 
sufficient  serum  remaining  from  the  one  hen  for  further  study. 
Very  clearly,  however,  the  amount  of  pigment  carried  by  the  serum 
in  the  case  of  the  carotin-fed  hen  had  been  reduced  to  a  very  lovr 
quantity,  as  in  the  case  of  the  hens  fed  the  non-pigmented  ration. 

Transportation  of  Carotin  and  Xanthophyll  by  the  Blood, 

The  studies  made  by  Pahner  and  Eckles"  in  regard  to  the 
transportation  of  the  carotin  and  xanthophyll  in  the  blood  of  the 
cow  showed  that  the  carotin  is  carried  as  a  water-soluble  com- 
pound of  the  albumin  of  the  serum,  while  the  xanthophyll,  which 
is  present  in  relatively  small  proportion,  is  carried  by  the  fat 
of  the  blood.  Probably  the  most  striking  demonstration  of  this 
is  seen  in  the  failure  to  extract  the  pigment  from  either  the  fresh 
or  desiccated  (with  plaster  of  Paris)  serum  with  pure  ether  (free 
from  alcohol);  while  the  addition  of  alcohol  to  the  serum  or  to 
the  plaster  of  Paris  mass  sufficient  to  coagulate  the  proteins, 
will  liberate  the  carotin  so  that  it  may  be  readily  extracted  with 
petroleum  ether,  the  result  being  identical  with  the  extraction 
of  carotin  from  80-85  per  cent  alcohol  with  this  solvent.  Other 
properties  of  the  carotin  in  the  blood  serum  of  the  cow,  and  the 
method  of  isolation  of  the  caroto-albumin  are  described  in  the 
previous  report  of  this  investigation. 

Similar  studies  made  with  the  serum  from  the  xanthophyll- 
fed  hens  failed  to  give  conclusive  evidence  of  a  transportation 
of  the  xanthophyll  by  means  of  the  albumin,  although  conclusive 
evidence  was  obtained  that  the  globulin  fraction  of  the  serum 
is  free  from  the  pigment.  Further  study  will  be  required  to  de- 
termine how  hen  serum  carries  the'  xanthophyll.  One  marked 
differoncc  between  the  properties  of  the  carotin  of  the  cow  seruin 
and  the  xanthophyll  of  the  hen  scrum  was  noted,  however,  which 
is  worthy  of  mention.  Whereas  it  is  possible  to  extract  only 
traces  of  the  carotin  from  cow  serum  by  shaking  the  fresh  or 
desiccated  serum  with  ether,  the  entire  pigment  of  the  hen  serum 

J3  Palmer  and  Ecklcs,  Jour.  Biol.  Chctn.,  1914,  xvii,  229;  .\fissouri  Agri- 
cultural Expcrimvni  Statio))  Research  Bulletins,  Xo.  12,  1914. 
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was  found  to  be  readily  extracted  by  this  solvent  from  the  fresh 
as  well  as  from  the  desiccated  serum.  Both  the  hen  and  cow 
serum  were  similar,  however,  in  their  failure  to  give  up  their 
respective  pigments  to  petroleum  ether  and  carbon  bisulphide. 
The  significance  of  these  properties  remains  to  be  determined. 

The  Influence  of  the  Rations  on  the  Relative  Proportion  of  Carotin 
and  Xanthophyll  in  the  Egg  Yolk. 

The  feeding  of  the  high  proportion  of  xanthophyll  and  carotin 
respectively  in  two  of  the  groups  of  the  experiment  raised  the 
Question  whether  this  would  result  in  changing  the  proportion 
of  the  two  pigments  deposited  in  the  egg  yolk.    An  actual  quanti- 
tative measurement  of  the  pigments  was,  of  course,  out  of  the 
question;  but  it  was  thought  that  an  excellent  comparison  of  the 
effects  of  the  ration  in  this  regard  could  be  obtained  by  compar- 
ing the  amount  of  color  due  to  the  two  classes  of  pigment,  as 
was  done  in  the  similar  studies  of  the  individual  feeds  constitut- 
ing the  rations.    Comparisons  were  made  on  the  basis  of  weight 
of  raw  yolk  equivalent  to  one  egg  yolk.    For  example,  in  the 
case  of  the  preliminary  ration  eggs,  the  yolks  of  the  seven  eggs 
involved  were  combined,  thoroughly  mixed,  and  weighed,  and 
one-seventh  of  the  weight  was  taken  for  the  relative  proportion 
I     analysis.    The  yolks  from  the  last  two  eggs  laid  in  the  non-pig- 
'dented  and  xanthophyll  groups  were  treated  similarly.  The 
^'ialysis  thus  represents  the  average  from  the  two  hens  in  the 
^oup.    In  the  case  of  the  carotin  group,  the  analysis  was  made 
^n  "the  yolk  of  the  last  egg  laid,  there  being  only  one  hen  left  in 
^his  lot.    The  method  of  analysis  in  every  case^^  was  to  desiccate 
material  with  plaster  of  Paris  and  extract  the  desiccated  mass 
ether  and  methyl  alcohol  until  all  the  pigment  was  extracted, 
''^e  extract  thus  obtained  was  saponified  with  20  per  cent  methyl 
alcoholic  potash  solution;  the  pigment  was  recovered  from  the 
with  ether  in  the  usual  way,  and  separated  as  completely 
^   possible  between  83  per  cent  alcohol  and  petroleum  ether. 

portion  was  concentrated  at  once  and  the  color  of  the  solu- 
^ic>ix  noted  at  a  volume  of  12.5  cc.  in  one  inch  layer  with  the  Lovi- 

'  '*  Kxcept  in  the  case  of  the  preliminary  ration  where  the  hard  boiled  yolks 
directly  extracted  with  ether  until  no  more  pigment  was  extracted. 
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bond  tintometer.  The  results  obtained,  together  with  the  color 
of  the  raw  yolk,  are  shown  in  Table  V. 

The  two  striking  features  of  the  table  are,  (1)  the  relatively 
greater  proportion  of  color  due  to  carotin  in  the  carotin  lot  egg 
than  in  the  non-pigmented  lot  eggs  indicating  a  somewhat  better 
utilization  of  carotin  when  fed  in  large  amounts,  and  (2)  the 
extremely  low  total  color  of  the  yolks  of  the  eggs  from  the  hens 
fed  the  pigment-free  ration.  This  analysis  shows  in  even  more 
striking  manner  than  the  figures  in  Table  III  the  extent  to  which 
the  yolk  pigment  was  reduced  in  this  experiment. 


TABLE  V. 

Influence  of  Different  Rations  on  Proportion  of  Color  in  Egg  Yolk  Due  to 
Carotin  and  Xanthophyll. 


Ration  fed. 

Color  of  yolk. 

Color  of  pigments  of  yolk. 

Unit«  of 
orange. 

Units  of 
yellow. 

Xanthophyll. 

Carotin. 

Orange. 

Yellow. 

Orange. 

YcUw. 

Preliminary  

3.16 

3.84 

2.5 

44.1 

0.8 

2G  -0 

Xanthophyll. . . 

3.40 

3.40 

2.8 

58.0 

0.5 

31  .o 

Carotin  

1.70 

3.20 

0.6 

32.4 

0.6 

8-4 

Pigment-free.. . 

1.10 

2.50 

0.5 

5.5 

0.2 

1  .1 

The  Pigment  of  the  Body  Fat  of  Hens. 

The  studies  made  in  this  laboratory  on  the  yellow  pigmen*^ 
characterizing  the  fatty  tissue  of  the  cow  showed  that  they 
identical  with  the  pigments  of  the  butter  fat,  and  consisted 
carotin  and  xanthophyll,  the  former  pigment  being  present  in  W 
far  the  greater  proportion.    Similarly  it  was  anticipated  that  tb^ 
pigment  of  the  fatty  tissue  of  the  hen  would  be  found  to  be  id^^" 
tical  with  the  pigment  characterizing  the  egg  yolk  and  blo^^ 
serum,  and  consist  of  carotin  and  xanthophyll,  with  the  lati>^^ 
pigment  in  the  greater  proportion.    This  was  found  to  be  tb^ 
case.    Tissue  fat  from  one  of  the  hens  on  the  pigment-free  rati^^ 
was  rendered  and  the  pigment  isolated  in  the  usual  way  from  3^ 
grams  of  the  rendered  fat.    A  careful  separation  of  the  total  pi^^ 
ment  obtained  between  83  per  cent  alcohol  and  petroleum  etl>^^ 
showed  that  by  far  the  greater  part  of  the  pigment  was  more  3<^^^ 
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le  in  the  alcohol.  The  total  carotin  and  xanthophyll  from  the 
grams  of  fat  gave  the  following  tintometer  readings  in  12.5  cc. 
lume,  one  inch  layer: 

Proportion  of  Color  of  Body  Fat  Due  to  Carotin  and  Xanthophyll, 

Units  of  Unita  of 
yellow.  red. 

Carotin  from  body  fat   9.0  0.5 

Xanthophyll  from  body  fat  54.0  1.5 

Influence  of  the  Rations  on  the  Color  of  the  Body  Fat, 

3bservation  of  the  carcasses  of  the  hens  at  the  close  of  the  ex- 
iment  indicated  that  the  different  rations  had  been  without 
!uence  upon  the  body  fat.  In  the  case  of  the  hens  fed  the 
ithophyll  and  pigment-free  rations,  portions  of  the  caul  and 

TABLE  VI. 


Color  of  Body  Fat,  Xanthophyll ,  and  N on-pigmented  Rations. 


Unite  of  yellow. 

Unita  of  red. 

-pigment-fed  hens: 

en  1  

60.0 
60.0 

60.0 
70.0 

1.0 
0.7 

1.2 
2.2 

en  2  

thophyll-fed  hens: 

en  3  

en  4  

Jentery  fat  were  saved,  the  fatty  tissue  was  rendered,  and  the 
>r  of  the  rendered  fat  noted  in  one  inch  layer  with  the  tintom- 
r.    The  results  are  shown  in  Table  VI. 

although  the  average  color  of  the  fat  of  the  xanthophyll-fed 
IS  was  sUghtly  higher  than  that  of  the  hens  fed  the  pigment- 
i  ration,  the  difference  is  scarcely  great  enough  to  be  signifi- 
t.  This  is  particularly  true  inasmuch  as  there  was  a  wide 
erence  in  the  amount  of  tissue  fat  around  the  digestive  organs 
ihe  hens.  Hens  2  and  3  had  relatively  small  fat  deposits  in 
ae  regions,  while  the  similar  deposits  were  abundant  in  the 
a  of  Hens  1  and  4. 

cfl  already  noted  all  the  hens  began  the  experimental  ration 
h  very  pale  yellow  shanks  and  beaks.  Observation  showed 
t  none  of  the  rations  had  any  influence  in  either  increasing  or 
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decreasing  the  pigment  deposits  in  these  places.   All  the  he— 
were  as  near  alike  in  this  regard  at  the  end  of  the  experiment  as 
they  were  at  the  beginning.    The  failure  of  the  xanthophyll  Br-a- 
tion  to  increase  the  color  of  the  shanks  must  be  attributed  to  t-  Jbe 
failure  of  the  ration  to  cause  a  deposition  of  fat  in  the  lower  e^^Di- 
dermal  layers  of  the  shank  skin,  for  it  has  been  shown  by  BaJ- 
rows^^  that  yellow  shanks  are  caused  by  yellow  fat  deposits  in  tJbe 
Malpighian  layer  of  the  epidermis.    It  would  also  seem  probat>3e 
that  a  deficiency  in  the  normal  amount  of  fat  in  the  shank  skin 
of  the  xanthophyll-fed  hens  was  also  partly  responsible  for  ttoe 
lack  of  increase  of  the  shank  color.    The  basis  for  this  view  is 
the  repeatedly^^  demonstrated  fact  that  fat  deposits  already  la-id 
down  in  the  fowl  are  readily  stained  by  feeding  fat  dyes,  su^^h 
as  Sudan  III.    Whether  the  natural  yellow  pigment  of  the  to^^^ 
acts  in  the  same  manner  has  not  been  demonstrated. 


DISCUSSION  AND  APPLICATION  OF  RESULTS. 


As  already  pointed  out,  the  experiments  reported  in  this  pa[» 
showing  the  physiological,  as  well  as  the  chemical  identity  of  tfc^^ 
yellow  pigments  characterizing  the  egg  yolk  and  the  body  fat  air^^l 
blood  serum  of  the  hen  with  the  carotin  and  xanthophylls  of  plan 
were  anticipated  from  similar  studies  involving  the  pigments  of  tBr^*^ 
body  fat  and  blood  serum  of  the  cow  and  the  butter  fat  of  the  miL 
The  most  significant  feature  of  these  results,  however,  is  that  tfc^^ 
hen  utilizes  relatively  little  carotin  in  the  pigmentation  of  tWr^^ 
egg  yolk  and  body  fat,  the  principal  pigment  belonging  to  the  xa^^^  ' 
thophyll  group  of  plant  pigments.    This  is  exactly  opposite 
the  utilization  of  the  plant  carotin  and  xanthophylls  by  the  (xm  ^ 
where  carotin  is  the  greatly  predominating  pigment  taken  up  ar»-^ 
transmitted  to  the  mammary  gland  and  other  fat  synthesizir^^ 
cells.  There  is  no  explanation  available  at  present  for  the  differ 
ence  in  the  utilization  of  these  pigments  by  the  hen  and  cow,  o» 
side  of  the  wide  difference  in  the  digestive  systems  of  the  tv 
classes  of  animals.    Further  studies  are  necessary  in  order  to  cle- 
up  this  interesting  phenomenon. 


Barrows,  H.  R.,  Histological  Basis  of  Shank  Colors  in  the  Dome* 
Fowl,  Maine  Agricultural  Experiment  Station  Bulletins^  No.  232,  1914. 
^'  Rogers,  Inc.  cit.    Mendel  and  Daniels,  Inc.  cit. 
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The  practical  application  of  the  results  herein  given  is  in  the 
control  of  the  color  of  the  flesh  (body  fat)  of  poultry  and  of  the 
yolks  of  the  eggs  during  the  winter  season.   Where  the  fancy 
poultry  trade  demands  colorless  flesh  in  the  pen-fattened  birds 
it  is  merely  necessary  to  select  feeds  free  from  carotin  and  xantho- 
phylls,  particularly  the  latter.   The  measure  of  success  already 
attained  in  feeding  practices  of  this  character  arc  to  be  attributed 
to  the  fact  that  skim  milk  or  butter  milk  comprise  the  greater 
proportion  of  the  ration.    These  feeds  are  devoid  of  both  caro- 
tin and  xanthophyll.    Experiments  involving  the  raising  and 
fattening  of  poultry  in  which  the  results  of  these  experiments  are 
being  applied  in  the  control  of  the  color  of  the  flesh  are  now  being 
conducted  by  the  Department  of  Poultry  Husbandry  of  the  Mis- 
souri Agricultural  Experiment  Station.   Where  the  demand  is 
for  yellow  egg  yolks  throughout  the  winter  months,  these  experi- 
ments find  their  application  in  the  use  of  feeds  rich  in  xantho- 
phyll.  Yellow  corn  is  particularly  suited  for  this  purpose  and 
is  one  of  the  few  winter  feeds  carrying  an  abimdance  of  the 
xanthophyll  pigment  which  is  carried  over  into  the  egg  yolk. 

SUMMARY. 

1.  The  natural  pigment  characterizing  the  egg  yolk,  body  fat, 
and  blood  serum  of  the  hen  is  physiologically  identical  with  the 
^^*^tin  and  xanthophyll  pigments  of  plants,  with  the  latter  class 
Pigments  present  in  by  far  the  greater  proportion.    This  is 
different  from  the  utilization  of  the  plant  carotin  and  xanthophylls 
by  the  cow,  where  the  carotin  is  the  predominating  pigment  found 
^  the  milk  fat,  body  fat,  and  blood  serum.    Feeding  tests  with 
laying  hens  in  which  the  pigment  of  the  feed  was  carotin  to  the 
J'elative  exclusion  of  xanthophyll  were  without  appreciable  influ- 
^^^e  upon  the  amoimt  of  pigment  carried  by  the  blood  serum  and 
^^Posited  in  the  egg  yolk.    The  feeding  of  rations  relatively  free 
both  carotin  and  xanthophyll  to  laying  hens  resulted  in  a 
^^rked  reduction  of  the  amount  of  this  pigment  carried  by  the 
^^Ood  serum  and  deposited  in  the  egg  yolk. 

2.  The  experiments  reported  find  practical  application  in  the 
^^^trol  of  the  color  of  the  flesh  (body  fat)  of  fattening  poultry, 
the  control  of  the  amount  of  natural  pigment  deposited  in  the 
yolk. 
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THE  BEHAVIOR  OF  SOME  HYDANTOIN  DERIVATIVES 
IN  METABOLISM. 


III.  PARABANIC  ACm. 

By  HOWARD  B.  LEWIS. 

{From  the  Laboratory  of  Physiological  Chemistry  oj  the  University  of 
Pennsylvania  J  Philadelphia.) 

(Received  for  publication,  September  13,  1915.) 

Despite  frequent  investigations  the  problem  of  the  mechanism 
^f  uricolysis  still  remains  unsolved.    The  attempts  to  identify 
^hose  substances,  whose  formation  by  oxidative  agents  from  uric 
^cid  or  the  purines  is  easily  accomplished  by  the  organic  chemist, 
^  products  of  the  intermediary  metabolism  of  uric  acid  have 
'iiied;  nor  has  the  study  of  these  same  substances  in  metabolism 
^trown  additional  light  on  the  problem.   Among  these  oxida- 
*ion  products  of  uric  acid  may  be  mentioned  allantoin,  imino- 
^U^xitoin,^  uroxanic  acid/  alloxan,^  alloxantin,^  carbonyl-di-urea,' 
parabanic  acid. 

^^oncerning  the  fate  of  parabanic  acid  in  the  organism,  there  exists 
confusion  in  the  literature.   According  to  Coppola,*  parabanic  acid 
'^^^^es  unchanged  into  the  urine.   Lusini,*  however,  in  an  investigation 
t.lie  pharmacological  properties  of  alloxan,  alloxantin,  and  parabanic 
was  unable  to  find  more  than  traces  of  parabanic  acid  in  the  urine 
^''t^r  feeding  it.   Koehne'  after  feeding  2  gm.  of  parabanic  acid  to  a  dog 
"^^^  unable  to  detect  an  increased  oxalic  acid  content  of  the  urine  and 
^^Id  detect  the  acid  itself  in  traces  only.   Hence  he  concluded  that  the 
i^^'^^nism  was  able  to  destroy  parabanic  acid.   More  recently  PohF  in  an 
^'^^stigation  of  the  metabolism  of  oxalic  acid,  found  in  one  experiment, 
^-^t-^y  the  subcutaneous  injection  of  about  0.1  gm.  of  parabanic  acid  into 

*  Saiki,  T.,  Jour.  Biol.  Chem.,  1909-10,  vii,  263. 

*  Lusini,  v.,  Ann.  d.  chim.  e  farm.,  1894,  xxi,  241;  1894,  xxii,  385.  Cited 
^  Prankel,  S.,  Die  Arzneimittel-Synthese,  Berlin,  2nd  edition,  1906,  110. 

*  Henius,  K.,  Zlschr.  f.  exper.  Path.  u.  Therap.,  1911-12,  x,  293. 

*  Coppola,  cited  by  Frankel,  loc.  cit.^  155. 

*  Lusini,  loc.  cit. 

*  Koehne,  F.,  Inaugural  Dissertation,  Rostock,  1894,  31. 

^  Pohl,  J.,  Ztschr.  f.  exper.  Path.  u.  Therap.,  1910-11,  viii,  308. 
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the  dog,  66  per  cent  of  the  acid  unchanged  in  the  urine.   The  methods  tjo- 
ployed  in  the  above  mentioned  investigations  have  been  of  two  kimifc. 
Either  the  isolation  and  identification  of  the  unchanged  acid  in  the  vLrmoe 
have  been  attempted,  or  the  variations  in  the  oxalic  acid  content  of  "fc-iie 
urine  have  been  studied.   The  first  method  presents  many  difficul'ties, 
as  parabanic  acid  is  rather  easily  soluble  and  forms  no  especially  typ>ioa/ 
salts  or  derivatives.   Moreover  it  is  easily  broken  down  in  alkaline  solu- 
tion to  yield  salts  of  oxaluric  acid  or  urea  and  oxalic  acid,  thus  requiring 
extreme  care  in  manipulation  to  avoid  losses.   In  view  of  the  pres»«nt 
unsatisfactory  state  of  our  knowledge  of  the  extent  to  which  the  organ.  i5zo 
can  oxidize  oxalic  acid,  a  study  of  the  oxalic  acid  content  of  the  lEX-inc 
could  hardly  be  expected  to  give  clear  cut  results. 

In  previous  studies  of  this  series,®  it  has  been  shown  that  ihe 
hydantoin  nucleus  is  not  attacked  by  the  organism,  but  is  excreted 
unchanged  in  the  urine.  As  parabanic  acid  is  readily  formi^aed 
from  hydantoin  by  oxidation  with  bromine,  •  and  is  more  ac  ^ive 
chemically  and  less  resistant  to  hydrolytic  agents,  it  was  thouimght 
that  it  might.be  broken  down  in  the  body  and  a  studj'  o^  its 
behavior  in  metabolism  was  planned. 


NH— CO 
Hydantoin 


^^H— CO 

NH— CHOH 
Allanturic  acid 


NH— CO 

<io 


m— CO 

Parabanic  acid 


But  since  it  was  found  that  the  nitrogen  of  parabanic  acid 
determined  by  the  methods  then  in  use  for  the  determination^^ 
urea  (FoUn,  Benedict)  and  that  the  problem  could  not  be 
preached  from  the  standpoint  of  the  urea  elimination,  on 
assumption  that  parabanic  acid  would  yield  in  vivo  as  in  ^^'^ 
laboratory  oxalic  acid  and  urea  on  hydrolysis,  further  st^^^^^y 
was  discontinued.    Recently,  however,  Van  Slyke  and  Cn— 
have  given  us  in  their  modification  of  the  urease  method  of 
shall,  a  method  specific  for  lirea,  which  avoids  the  use  of 
concentrated  alkaline  solutions.    After  preliminary  tests 
demonstrated  that  parabanic  acid  did  not  yield  its  nitroger:*  ^ 
urea  nitrogen  by  the  urease  method,  experiments  were  under- 
token  along  the  lines  originally  planned. 

8  Lewis,  H.  B.,  Jour.  Biol.  Chem.,  1912-13,  xiii,  347;  1913,  xiv,  245. 
"Gabriel,  S.,  .1;/??.  d,  Chem.,  1906,  cccxlviii,  50. 
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Metabolism  Experiments, 

The  animals  used  were  rabbits  and  a  dog.  The  former  were 
-ci  a  uniform  diet  of  milk  and  cane-sugar,  the  food  being  admin- 
itiered  through  a  stomach  sound.  The  dog  was  a  trained  metabo- 
stn  animal  which  had  been  maintained  on  the  low  protein  diet 
f  the  experiment  over  a  long  priod  of  time.  The  urine  was 
'OUected  at  regular  twenty-four  hour  intervals,  by  catheterization 
11  the  case  of  the  dog,  and  by  emptying  the  bladder  by  gentle 
pressure  in  the  case  of  the  rabbits.  Nitrogen  was  determined 
by  the  Kjeldahl-Gunning  method,  and  urea  by  the  urease  method 
of  Van  Slyke  and  Cullen.  The  purity  of  the  parabanic  acid  used 
was  checked  by  a  Kjeldahl  nitrogen  determination.  No  toxic 
symptoms  were  observed  following  the  administration  of  the 
acid,  although  in  one  experiment  (Rabbit  C)  the  total  nitrogen 
following  subcutaneous  administration  was  higher  than  in  a  pre- 
liminary period. 

From  the  data  presented  in  the  table,  it  is  evident  that  no  con- 
siderable conversion  of  parabanic  acid  into  urea  has  occurred. 
The  increase  in  total  nitrogen  eliminated,  as  compared  with  the 
fore  and  after  periods,  indicates  that  the  absorption  has  been 
nearly  complete,  although,  as  was  to  be  expected,  not  quantita- 
tive. No  increase  in  the  elimination  of  urea  plus  ammonia 
nitrogen  resulted,  while  an  increase  in  the  nitrogen  not  urea 
plus  ammonia  was  observed,  an  increase  corresponding  to  the 
amount  of  nitrogen  administered  as  parabanic  acid.  In  the  ex- 
periment with  the  dog,  a  slight  increase  in  the  urea  elimination 
took  place  following  the  administration  of  the  acid,  but  as  the 
total  nitrogen  was  also  increased  above  the  amount  represented 
by  the  sum  of  the  average  elimination  of  the  fore  period  and  the 
Qitrogen  fed  as  parabanic  acid,  it  is  evident  that  there  has  occurred 
a  stimulation  of  metabolism,  as  a  result  of  the  administration  of 
the  acid.  The  increase  in  the  nitrogen  not  urea  plus  ammonia 
nitrogen  is  in  close  agreement,  as  in  the  other  experiments,  with 
the  extra  nitrogen  administered  as  parabanic  acid.  No  evidence 
3f  the  conversion  of  significant  amounts  of  parabanic  acid  to  urea 
n  the  organism  of  the  dog  or  rabbit  is  to  be  obtained  from  the 
^resent  series  of  experiments. 
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Perfusion  Experiments. 

Sarvonat^®  has  reported  two  experiments  in  which  the  Uver  o:ff^  a 
dog  was  perfused  with  defibrinated  dog  blood  to  which  parabax::M_ic 
acid  had  been  added.  He  concluded  from  slight  increases  in  t  !fci8 
oxalic  acid  content  of  the  blood  after  perfusion  that  parabaar^ic 
acid  is  destroyed  by  the  liver.  Two  perfusion  experiments  hm^^^e 
been  carried  out"  in  which  parabanic  acid  was  added  to  the  p  ^sx- 
fusion  fluid  and  the  urea  content  of  the  blood  determined  by  t> 
urease  method  before  and  after  perfusion. 

Dog  Z. — Normal  male.   Weight,  5.04  kg.   Weight  of  liver,  212  gm.  :M--SO 
cc.  blood  were  diluted  to  2,000  cc.  with  Ringer's  solution  and  1,800  cc.  u^^^^^ 
for  perfusion  of  the  liver.   2  gm.  parabanic  acid  were  added  to  the  per 
sion  fluid.   Rate  of  flow,  504  cc.  per  minute.   Time  of  perfusion,  1  ho  ^• 

Urea  nitrogen  calculated  for  total  mass  perfusion  fluid: 

gm. 

Before  perfusion  0.027 

After  perfusion   0.057 

Difference  +0.030 

Dog  96. — Weight,  11.21  kg.   Preliminary  preparation,  1  gm.  phlorhi^^ 

in  olive  oil  daily  for  4  days.    No  food.  Weight  of  liver,  446  gm.  320   

blood  were  diluted  to  2,000  cc.with  Ringer's  solution  and  1,800  cc.used  ft^  — 
perfusion  of  the  liver.   2  gm.  parabanic  acid  were  added  to  the  perfusL  -^^^^ 
fluid.   Rate  of  flow,  420  cc.  per  minute.   Time  of  perfusion,  1  hour. 

Urea  nitrogen  calculated  for  total  mass  perfusion  fluid: 

gm. 

Before  perfusion  0.099 

After  perfusion  0.204 

Difference  -1-0.105 

These  increases  in  the  urea  content  of  the  perfusion  fluL 
amounting  to  64  and  225  mg.  of  urea  in  the  two  experiment 
are  certainly  not  great  enough  to  warrant  the  assumption  that  i^""""^ 


extra  urea  is  fonncd  by  the  hydrolysis  of  the  parabanic  9^^^^^^^ 
added  to  the  perfusion  fluid.  As  shown  by  Jansen,**  perfusic^--^"  ^ 
of  the  normal  liver  with  blood  dilut^ed  with  Ringer's  solution  mi-»  --^ 
result  in  the  formation  of  urea  in  amounts  comparable  to  tho^^^^ 

"  Sarvonat,  F.,  Compt.  rend.  Soc.  de  biol.,  1912,  Ixxii,  1067. 
These  experiments  were  carried  out  with  the  aid  of  Professor  A.  ^ 
Ringer,  to  whom  I  take  this  opportunity  to  express  my  indebtedness. 
"  Jansen,  B.  C.  P.,  Jour.  Biol.  Chem.,  1915,  xxi,  557. 
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ined  in  the  above  experiments.  Similar  results  have  been 
ined  by  Professor  A.  I.  Ringer^*  in  this  laboratory,  who  has 
observed  that  the  liver  of  a  phlorhizinized  dog  forms  urea 
J  readily  on  perfusion  than  that  of  a  normal  dog,  as  illustrated 
le  present  study. 


't  M.  Weight  l.SSO  gm.  Diet:  100  cc.  milk  and  10  gm.  cane-sugar ^  daily. 


Volume. 

Total  N. 

Urea  +  NHi  N. 

N  not 
urea  + 
NHt. 

cc. 

gm. 

gm. 

per  cent 

gm. 

75 

0.598 

0.476 

79.5 

0.122 

70 

0.492 

0.415 

84.4 

0.077 

75 

0.494 

0.389 

78.6 

0.105 

100 

0.627 

0.363 

67.9 

0.264 

1  gm.  parabanic  acid 
per  OS  =  0.246  gm. 
N. 

65 

0.502 

0.408 

81.3 

0.094 

60 

0.568 

0.455 

80.1 

0.113 

It  E.   Weight  1,000  gm.   Diet:  60  cc.  milk  and  10  gm.  cane-sugar,  daily. 

/. 

Volume. 

Total  N. 

Urea  +  NHi  N. 

Nnot 
urea  + 
NHi. 

cc. 

gm. 

gm. 

per  cent 

gm. 

50 

0.281 

0.197 

70.1 

0.084 

35 

0.241 

0.155 

W.3 

0.C86 

105 

0.266 

0.207 

77.8 

0.059 

66 

0.417 

0.206 

49  2 

0  212 

1  gm.  parabanic  acid 
per  OS  =  0.246  gm. 
N. 

45 

0.340 

0.255 

75.0 

0.085 

50 

0.227 

0.176 

77.5 

0.056 

35 

0.238 

0.184 

77.3 

0.054 

Personal  communication  from  Professor  Ringer. 
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Rabbit  C.  Weight  1,680  gm.  Diet:  100  cc.  milk  and  10  gm.  cane^ugar,  dail% 


Day. 

Volume. 

Total  N. 

Urea  +  NHi  N. 

Knot 
urea  + 
NHa. 

cc. 

gm. 

gm. 

per  cent 

gm. 

1 

70 

0.501 

0.394 

78.6 

0.107 

2 

65 

0.637 

0.424 

79.0 

0.103 

3 

70 

0.495 

0.391 

79.0 

0.104 

4 

80 

0.730 

0.430 

69.7 

0.290 

1  gm.  parabanic  acid 

subcutaneously 

0.246  gm.N. 

5 

100 

0.756 

0.613 

81.8 

0.143 

6 

45 

0.705 

0.538 

76.3 

0.167 

7 

65 

0.705 

0.525 

74.5 

0.180 

Dog  A.    Weight  17.5  kg.    Diet:  100  gm.  canesugar,  40  gm,  starchy  50  £ 
lardy  40  gm.  beef  hearty  450  cc.  watery  daily. 


Day. 

Weight. 

Total  N. 

Urea  +  NH«  N. 

Knot 
urea  + 
NHi. 

kg. 

gm. 

gm. 

per  cent 

gm. 

1 

17.59 

2.22 

1.67 

75.2 

0.55 

2 

17.59 

2.10 

1.50 

70.1 

0.60 

3 

17.51 

1.96 

1.38 

71.4 

0.58 

4 

17.44 

2.02 

1.44 

71.2 

0.58 

5 

17.41 

2.97 

1.77 

69.6 

1.20 

3  gm.  parabanic  ^ 

per  08  =  0.738  i 

N. 

6 

17.40 

1.97 

1.36 

69.0 

0.61 

7 

17.32 

2.04 

1.43 

70.1 

0.61 

8 

17.30 

1.99 

1.37 

68.8 

0.62 

THE  COMPLEX  CARBOHYDRATES  AND  FORMS  OF  SUL- 
PHUR IN  MARINE  ALGAE  OF  THE  PACIFIC  COAST, 


By  D.  R.  HOAGLAND  and  L.  L.  LIEB. 

i^ram  the  Division  of  Agricultural  Chemistry y  Agricultural  Experiment 
Station f  Berkeley,  California.) 

(Received  for  publication,  August  18,  1915.) 

The  giant  kelps  of  the  Pacific  Coast  have  in  recent  years  re- 
^i^^ed  considerable  attention  because  of  their  high  content  of 
•ot^ash,^  possibly  of  commercial  value.^  The  economic  aspects 
^  t,he  subject  are  discussed  elsewhere.'  Of  far  greater  interest 
^  1:-he  plant  chemist  and  physiologist  is  the  study  of  the  chemical 
composition  and  metabolism  of  these  remarkable  plants.  Their 
sloctive  action  on  certain  elements  contained  in  sea  water  is  very 
trlking.  Iodine  is  absorbed  in  comparatively  large  quantities 
r'oxTi  a  solution  containing  only  the  smallest  trace  of  this  ele* 
cx^nt.  To  a  lesser  degree  there  is  a  marked  selective  power  for 
K>-tassium.    In  a  previous  article  the  discussion  of  these  points 

received  further  elaboration.'*  It  is  the  purpose  of  the  present 
>a.p)er  to  present  the  results  of  an  investigation  designed  to  de- 
^n^nine  the  chemical  nature  of  certain  ver\^  characteristic  organic 
sonstituents  of  several  important  species  of  algae  growing  along 

Pacific  Coast.  The  following  species  are  now  l-eported  on: 
^Microcystis  pyrifera,  a  brown  sea  weed  belonging  to  the  family 

*  I^alch,  D.  M.,  On  the  Chemistry  of  Certain  Algae  of  the  Pacific  Coast, 
^'^^^  Ind.  and  Engin.  Chem.,  1909,*  i,  777-787. 
~  ^'ameron,  F.  K.,  and  Moore,  R.  B.,  A  Preliminary  Report  on  the  Fer- 
*2er  Resources  of  the  United  States,  f  ■ .  *S.  62nd  Congress,  Senate  Document 
^>  1912,  290  p.,  19  plates,  maps. 

I^urd,  J.  S.,  The  Economic  Value  of  Pacific  Coast  Kelps,  California 
^^<^uUural  Experiment  Station,  Bull.  248,  183-215,  3  figs. 

^^ioagland,  D.  R.,  Organic  Constituents  of  Pacific  Coast  Kelps,  Jour. 
Research,  1915,  iv,  39-58,  7  tables. 
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of  Laminariaceae;^  Iridaea  laminarioides;  and  Ulva  fasciata. 
The  two  latter  are  so  called  rock  weeds  and  do  not  attain  great 
size.  Mdcrocystis  pyrifera  is  noteworthy  because  of  its  huge  size 
and  is  said  to  have  the  widest  distribution  of  any  known  plant.* 

Studies  of  the  Complex  Carbohydrates. 

Unlike  most  land  plants  marine  algae  do  not,  except  perhaps 
in  rare  instances,  contain  simple  carbohydrates  or  easily  hydroly- 
zable  polysaccharides.  Starch  is  not  present,  and  cellulose  only 
in  minor  quantities.  The  most  frequently  occiuring  carbohydrates 
include  pentosans,  galactans,  levulans,  and  methyl  pentosans. 

In  "Nori"  {Porphyra  laciniata)  Kintaro^  identified  as  hydrolyticproducte 
galactose  and  mannose.  From  another  species  {Fucus)  Giinther' obtained 
fucose.  Bauer*  states  that  he  isolated  from  one  of  the  Laminariaceae  a 
sugar  having  the  properties  of  dextrose.  Kylin*®  also  found  in  Laminario 
digitata  a  carbohydrate  yielding  dextrose  on  hydrolysis^  He  described 
several  other  carbohydrates  obtained  from  Laminaria  saccharinaf  Fuctu 
vesiculosus,  and  Ascophyllum  nodosum,  Miither^^  obtained  mannitol  from 
FtKyua  and  Laminaria  digitata.  According  to  Euler"  Carragheen  mosa 
{Chondrus  crispua)  yielded  galactose,  fructose,  and  a  methyl  pentose  od 


*  Setchell,  W.  A.,  The  Kelps  of  the  United  States  and  Alaska,  U.S. 62nd 
Congress,  Senate  Document  190,  Appendix  K,  1912,  130-178. 

*  McFarland,  F.  M.,  The  Kelps  of  the  Central  Calif omian  Coast,  ibid., 
Appendix  M,  1912,  194-208. 

^  Kintaro,  O.,  and  Tollens,  B.,  Ueber  das  Nori  aus  Japan,  Ber.  d.  deutsch. 
chem.  Gesellsch.,  1901,  xxxiv,  pt.  ii,  1422-1424. 

*  Giinther,  A.,  and  Tollens,  B.,  Ueber  die  Fucose,  einen  der  Rhamnose 
isomeren  Zuoker  aus  Seetang  (Fucus-Arten),  ibid.,  1890,  xxiii,  pt.  ii, 
2586-2586. 

*  Bauer,  R.  W.,  Ueber  einer  aus  Laminariaschleim  entstehende  Zucker- 
art,  ibid.,  1889,  xxii,  pt.  i,  618. 

Kylin,  II.,  Zur  Biochemie  der  Meercsalgen,  Ztschr.  f.  physiol.  Chem., 
1913,  Ixxxiii,  171-197. 

"  Mather,  A.,  and  Tollens,  B.,  Ueber  die  Producte  der  Hydrol3rsc  von 
Seetang  (Fucus),  Laminaria  und  Carragheen-Moos,  Ber.  d.  deutsch.  chem. 
Gesellsch.,  1904,  xxxvii,  pt.  i,  298-305. 

Euler-Chelpin,  H.  K.  A.  S.  v.,  Grundlagen  und  Ergebnisse  der  Pflan- 
zenchemie,  Braunschweig,  1908,  pt.  i,  238  p. 
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hydrolysis.  Takahashi,"  Saiki,"  Greenish,"  and  Payen"  have  identified 
in  various  species  (Porphyra  laciniata,  Fucua  amylaceiLS,  Fucus  evanescena) 
pentosans,  methyl  pentosans,  galactans,  and  mannans. 

In  all  of  the  studies  just  referred  to  the  procedure  has  consisted 
chiefly  in  hydrolyzing  the  sea  weed  and  in  establishing  the  general 
identity  of  the  sugars  thus  formed.  It  would  seem  to  be  also 
of  interest  to  study  the  properties  of  the  original  complexes 
themselves.  This  would  lead  to  a  better  understanding  of  the 
chemical  composition  of  the  algae.  In  the  present  investigation 
data  have  been  secured  regarding  the  physical  and  chemical 
properties  of  certain  well  defined  complexes  in  addition  to  the 
Btudy  of  their  hydrolytic  products. 

There  are  two  main  fractions  of  carbohydrates  in  the  algae 
^der  consideration,  one  precipitated  from  an  alkaline  extract 
fc>y  acid  (so  called  "algin")  and  one  precipitated  by  alcohol  from 
^ueous  solution.    The  discussion  is  accordingly  divided  into 
"fcwo  parts. 


The  earliest  study  of  this  complex,  as  isolated  from  sea  weeds  of  the 
Scottish  Coast,  was  made  by  Stanford. ^^""''^  He  obtained  a  jelly-like  sub- 
stance which  he  called  '*algin"  or  *'alginic  acid.*'   This  he  characterized 


a  nitrogenous  organic  acid,  having  the  structure,  CrsHTeOn 


Takahashi,  E.,  t)ber  die  B-estandteile  von  Fucus  evanescens,  Jour. 
<^ollege  of  Agriculture,  Sappiro,  Japan,  1914,  vi,  pt.  v,  109-116. 

"  Saiki,  T.,  The  Digestibility  and  Utilization  of  Some  Polysaccharide 
Carbohydrates  Derived  from  Lichens  and  Marine  Algae,  Jour.  Biol.  Chem., 
^906^,  ii,  261-265. 

"  Greenish,  H.,  Untersuchung  von  Fucus  amylaceus,  Ber.  d.  deutach, 
^hem.  Gesellsch.j  1881,  xiv,  pt.  i,  2253. 

Payen,  M.,  Sur  le  g^lose  et  les  nids  de  salangane,  Compt.  rend.  Acad, 
^.  sc.,  1859,  xlix,  521-530. 

"  Stanford,  E.  C.  C,  On  Algin:  A  New  Substance  Obtained  from  Some 
of  the  Commoner  Species  of  Marine  Algae,  Chem.  News,  1883,  xlvii,  254- 
257, 267-269. 

Stanford,  On  Algin,  Jour.  Soc.  Chem.  Indus.,  1884,  iii,  297-301;  dis- 
cussion, 301-303. 

"  Stanford,  A  New  Method  of  Treating  Seaweed,  ibid.,  1885,  iv,  519- 
520. 

"  Stanford,  On  Alginic  Acid  and  Its  Compounds,  ibid.,  1886,  v,  218-221. 
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He  was  unable  to  wash  out  the  contaminating  salts,  and  evidently  worke< 
with  a  sample  only  slightly  purified. 

Krefting,  "  experimenting  on  the  sea  weeds  of  Norway  produced 
''tang  acid''  similar  to  the  alginic  acid  of  Stanford,  but  claimed  that  hi 
preparation  was  nitrogen  free.  Villon"  and  Kylin^^  later  described  simils 
substances  obtained  from  other  sea  weeds,  indicating  a  wide  distributio 
in  plants  from  different  localities.  An  entirely  analogous  complex  is  foun 
in  the  kelps  of  the  Pacific  Coast,*  approximately  16—18  per  cent  of  tl 
crude  substance  in  the  case  of  Macrocystis  pyrifera. 

Preparation  of  Sample. — ^The  preparation  of  a  purified  algi 
free  of  ash  and  organic  impurities  was  difficult.  The  colloid 
jelly  absorbs  a  large  quantity  of  dissolved  organic  and  inorgan 
contaminating  substances.  The  purest  alginic  acid  prepan 
by  Stanford^®  and  used  in  determining  the  molecular  formu 
contained  2.3  per  cent  ash  and  2.03  per  cent  nitrogen. 

The  following  procedure  was  adopted  in  preparing  the  samp 
used  in  the  present  work.  1  kg.  of  crushed  Macrocystis  is  coven 
with  a  2  per  cent  NajCOs  solution  for  twenty-four  hours.  Tl 
mixture  becomes  thick  and  sticky.  It  is  finally  warmed  ai 
filtered  through  linen  by  suction.  The  addition  of  a  slight  e 
cess  of  HCl  produces  a  white  spongy  precipitate,  floating  in  tl 
liquid.  The  color  presently  darkens  to  a  deep  brown.  Tl 
precipitate  is  filtered  off,  redissolved  in  2  per  cent  NajCOs,  ai 
the  precipitation  twice  repeated.  The  final  precipitation 
made  from  an  alkaline  solution  by  addition  of  alcohol.  Sodiu 
alginate  comes  down  as  a  stringy,  non-gelatinous  mass,  and  w 
keep  indefinitely,  preserved  in  alcohol.  1  kg.  of  dried  Macrocysi 
yielded  160  grams  of  crude  alginate,  containing  33  per  cent  as 

For  final. purification  the  sodium  alginate,  prepared  as  describe 
above,  is  dissolved  in  water  and  placed  in  a  parchment  bag  ir 
mersed  in  running  water.  After  three  days  the  solution  is  acic 
fied  with  HGl,  which  precipitates  the  alginic  acid.  The  dial3rs 
is  continued  for  a  few  more  days  in  tap  water  and  finally  in  di 

Krefting,  A.,  An  Improved  Method  of  Treating  Seaweed  to  Obta 
Valuable  Products  (Alginic  Acid,  ''Tang  Acid'*)  Therefrom,  Eng,  Pal 
1896,  11,583,  abstract  in  Jour.  Soc.  Chem.  Indus.,  1896,  xv,  720. 

Krefting,  An  Improved  System  or  Apparatus  for  Treating  Seawee 
(Alginic  Acid)  for  the  Manufacture  of  Products  Therefrom,  Eng.  Pat 
1898,  12,416,  abstract  in  Jour.  Soc.  Chem.  Indus.,  1898,  xvii,  846. 
2>  Villon,  A.  M.,  On  "Algine,"  Chem.  News,  1893,  Ixviii,  311. 
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tilled  water  until  no  test  for  chlorine  is  given.  The  alginic  acid 
is  then  filtered  off,  dried  at  100°  C,  and  finally  ground  and  dried 
to  a  constant  weight.  Samples  thus  prepared  were  free  of  more 
thsui  traces  of  ash  and  nitrogen. 

J^raperties. — ^Alginic  acid  is  capable  of  absorbing  200  to  300  times 
its  weight  of  water.  When  moist  it  is  readily  soluble  in  dilute 
allcaU,  but  dried  it  becomes  hard  and  homy  and  very  resistant 
to  solvents.  It  is  readily  precipitated  from  solution  by  alcohol 
arxd  ether.  As  a  colloid  alginic  acid  may  be  considered  an  irre- 
veirsible  gel.  It  is  capable  of  absorbing  salts  to  the  extent  of 
60  per  cent  of  its  own  weight,  but  has  no  selective  action  for 
po^tassium.  Its  optical  activity  is  high,  [a]"  '  =  —  169.2°. 
Tlxe  index  refraction  is  low;  [n]"  =  1.3373,  for  1  gram  of  sodium 
alginate  in  100  cc.  of  solution. 

Metallic  DerivcUives. — A  large  number  of  metaUic  alginates 
ffxay  be  formed  as  described  elsewhere.*  Twenty  insoluble  and 
fi^v-^  soluble  alginates  were  prepared  by  the  addition  of  metaUic 
saJiis  to  solutions  of  sodium  alginate,  sUghtly  acidified  with  acetic 
acid. 

Acidity. — Samples  of  the  dialyzed  alginic  acid  were  titrated 
WT.tih  0.01  N  NajCOa;  325  grams  were  neutraUzed  by  1  liter  of 
noimal  alkali.  The  neutrahzation  equivalent  is  therefore  325. 
T'his  result  indicates  the  weak  acidity  of  the  substance. 

-Decomposition  of  Algin. — Stanford*^  stated  that  algin  was  de- 
cc^Diposed  after  several  days'  standing  in  dilute  alkaUne  solution. 
P^»^"»eliminary  work  suggested  a  loss  from  chemical,  bacterial,  or 
®^^-2ymic  action.  Experiments  proved  that  after  some  time 
^^^^siderable  decomposition  might  take  place  as  a  result  of  bac- 
*^>^al  action. 

-Analytical  Data. — Samples  of  ash-  and  nitrogen-free  alginic 
*^icl  gave  the  following  data. 

per  cent 

^'urf ural  calculated  as  pentosan   23 . 8 

Methyl  furfural  calculated  as  methyl  pentosan   4.1 

Oellulose  derivative 

(4  hours'  heating  with  1 :1  HNO,)   18 . 1 

inducing  sugars  after  hydrolysis  as  dextrose   32.8 

Sulphur  None. 

cellulose  derivative  gave  the  amyloid  test.^^ 

-Abderhalden,  E.,  Biochem,  Handlezikorij  1911,  ii,  220. 
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Molecular  Formula, — Combustions  indicated  the  following  ulti- 
mate composition:  C  =  42.0,  H  =  4.5,  O  =  53.5  per  cent.  The 
simplest  corresponding  empirical  formula  is  C21H27O20  with  molec- 
ular weight  of  599.  Analyses  were  made  of  compounds  of  al- 
ginic  acid  with  uni-  and  divalent  metals.  The  results,  using 
the  formula  given  above,  indicate  two  replaceable  H  atoms, 


The  formula  here  advanced  is  obviously  only  an  empirical 
one.  No  data  are  obtainable  which  would  throw  light  on  the 
manner  in  which  the  sugars  are  linked  together.  It  may  be  said, 
however,  that  alginic  acid,  if  not  strictly  speaking  a  definite 
chemical  compound,  is  at  least  a  homogeneous  complex,  which 
shows  characteristic  reactions. 

Identification  of  Stigars, — Freshly  precipitated  alginic  acid, 
hydrolyzed  with  2  per  cent  HCl  for  four  hours  at  100°C.  gave  a 
strong  reducing  action.  Considerable  carbonization  took  place. 
To  avoid  this  digestions  were  made  for  twenty-four  hours  at  80°  C. 
The  undissolved  residue  was  filtered  off  and  the  filtrate  neutralized 
with  NaOH.  The  solution  was  then  heated  with  a  mixture  of 
two  parts  phenylhydrazine  hydrochloride  and  three  parts  sodium 
acetate,  according  to  the  method  of  Fischer.^*  Two  osazones 
separated  out,  a  yellow  osazone  crystallizing  readily,  and  in 
lesser  quantity  a  red  amorphous  form.  After  repeated  crystalliza- 
tions from  50  per  cent  alcohol,  the  separation  and  purification  of 
the  yellow  crystalline  osazone  was  accomplished.  Under  the 
microscope  fibrous  needles,  characteristically  arborescent,  were 
observed.  The  melting  point  of  the  crystals  was  154-156**C. 
By  comparison  Z-arabinose  phenylosazone^*  has  a  melting  point 

2*  Fischer,  E.,  Verbiudungen  des  Phenylhydrazine  mit  den  Zuckerarten, 
Ber.  d.  deut^ch.  chem.  GescUsch.,  1884,  xvii,  pt.  i,  579-584. 
"  Abderhalden,  loc.  cit.,  288. 


H2(C2lH2602o)- 


Percentages  of  Metals  in  Metallic  Alginates, 

Found. 
per  cent 


Calculated. 


percent 

7.1 
11.5 
6.3 
8.5 


Na  in  sodium  alginate  Nat  (CjiHtiOjo)   7.0 

K  in  potassium  alginate  KsCCtiHuOto)   11. 2 

Ca  in  calciimi  alginate  Ca(CiiHuOio)   6.3 

Fe  in  ferrous  alginate  FeCCaiHatOjo)   8.7 
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of  160*^0.  and  i-xylose  phenylosazone*'  152-155''C.  Optical 
activity  was  determined  according  to  the  method  of  Neuberg.** 
0.2  gram  of  the  pure  osazone  was  dissolved  in  4  cc.  pyridine  and 
6  cc.  absolute  alcohol,  then  polarized  in  a  100  mm.  tube, 
Wit  =  —  0°  10'.  Under  the  same  conditions  for  J-arabinose 
phenylosazone  [a]"  =  +  I*'  10'  and  for  Z-xylose  phenylosazone 
krxT  =  -  0°  15^ 

Solubilities. — The  yellow  osazone  from  the  alginic  acid  is  solu- 
ble in  cold  and  hot  water,  benzene,  ligroin,  alcohol,  ether,  acetone, 
chloroform,  and  pyridine.    t-Arabinose  phenylosazone  is  insolu- 
ble in  ether.   {-Xylose  phenylosazone  has  solubilities  similar  to 
thiose  of  the  osazone  prepared  from  algin.   The  latter  has  a  crjrstal- 
lio.e  structure  distinctly  different  from  that  of  arabinosazone. 
WTnile  the  pentosazone  here  described  is  similar  in  many  proper- 
^i^aa  to  i-xylose  phenylosazone,  their  identity  cannot  be  positively 
assorted  from  data  available.   Very  few  pentoses  have  been 
Isolated  from  plants  and  only  three  so  completely  described  as 
^  make  identification  certain.^^*^' 

CarbohydrcUes  Precipitated  by  Alcohol. 

The  alcohol-precipitable  fraction  of  the  carbohydrates  of  marine 
*^^^ae  has  not  received  attention  from  previous  investigators, 
trx  Macrocystis  pyrifera  there  is  present  approximately  11  per 
^^^t  of  alcohol-precipitable  matter  in  the  stems,  and  6  per  cent 
the  leaves.   Iridaea  sp.  contains  about  13  per  cent. 
The  method  of  preparing  th6  samples  was  the  following.  A 
kilogram  of  the  crushed  sea  weed  is  first  extracted  cold  with  2 
per  cent  HCl.   The  liquid  is  then  pressed  from  the  sea  weed  and 
filtered.   Strong  alcohol  is  added  to  the  filtrate  and  causes  a 
Kght  flaky  mass  to  precipitate  out  and  settle  to  the  bottom,  as 
a  compact  cream-colored  layer.   After  a  few  days  the  super- 
natant liquid  is  drawn  off,  the  precipitate  washed  with  alcohol, 
and  freed  of  liquid  by  suction.    This  precipitation  is  repeated 
twice.   The  final  precipitate  is  preserved  under  alcohol. 

"  Abderhalden,  Zoc.  ciL,  297. 

Neuberg,  C,  Ueber  die  Reinigung  der  Osazone  und  zur  Bestimmung 
ihrer  optischen  Drehungsrichtung,  Ber.  d.  deutsch.  chem.  GeseUsch.,  1899, 
xxxii,  pt.  iii,  3384-3388. 
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Properties, — When  dried  the  alcohol-insoluble  matter  darkens 
and  becomes  sticky  in  the  presence  of  moisture.  The  dried  ma- 
terial is  resistant  to  solution  and  to  the  action  of  dilute  acids  and 
alkaUs. 

The  alcohol-insoluble  matter  from  Macrocystis  pyrifera  is  pr*^ 
cipitated  partially  by  salts  of  Co,  Zn,  Sr,  Sn,  Cd,  Ni,  Al,  Ox, 
and  Cu.  Complete  precipitation  is  effected  by  ferric  chloride, 
lead  acetate,  and  lead  subacetate.  The  alcohol-insoluble  fraction 
from  Iridaea  is  pure  white,  gelatinous,  and  gives  no  precipita"fc« 
with  metals  except  ferric  chloride,  lead  acetate,  and  lead  sub- 
acetate.  The  evidence  in  these  cases  points  to  complex  mixtures 
of  several  compounds. 

Sulphur  Content. — An  attempt  was  made  to  remove  the  lar|5* 
amount  of  inorganic  elements  found  in  the  substance  precipitat^<i 
by  alcohol.  A  clear  water  solution  was  made  and  dialyzed  ixi 
parchment  for  six  weeks.  At  the  end  of  that  period  there  still 
remained  35  per  cent  ash  (CaSO*)  in  the  preparation  from  Macrc^- 
cysiis  and  24  per  cent  in  that  from  Iridaea,  No  precipitato, 
however,  could  be  obtained  by  adding  BaCU  to  the  aqueovxs 
solutions.  This  would  point  to  the  absence  of  the  S04ion.  It 
might  be  assumed  that  the  Ca  and  SO4  are  held  in  organic  coix^' 
bination  or  else  in  some  colloidal  complex.  After  hydrol3rsis 
SO4  could  be  precipitated  directly,  as  well  as  the  Ca. 

Carefully  dialyzed  samples  were  dried  in  vacuo  and  the  tot>^ 
sulphur  was  determined  after  peroxide  fusion.^*  Other  sampl^^ 
were  burned  and  the  ash  was  analyzed.  The  following  data  w^** 
obtained. 


The  ash  corresponds  to  a  pure  CaS04. 

Identification  of  Sugars, — Acid  hydrolysis  yielded  solutionis 
having  a  strong  reducing  action.    Determinations  were  made 


Macrocystis  Iridaea- 
preparation.  preparati^' 
percent  percent 


Total  sulphur  

Sulphur  in  ash  

Sulphur  volatilized  on  burning. 


13.00  6.91 
8.00  4.85 
5.00  2.06 


Folin,  O.,  On  Sulphate  and  Sulphur  Determinations,  Jour,  ^'i^^' 
Chem.,  1905-06,  i,  131-159. 
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I's  modification  of  Fehling's  solution  and  also  estimations 
e  pentoses  and  methyl  pentoses  according  to  the  method 
Uens  and  Ellett.^®  The  results  indicated  that  nearly  all  the 
ing  action  in  the  case  of  Macrocystis  was  due  to  a  methyl 
•se,  while  in  the  case  of  Iridaea  no  tests  for  pentose  or  methyl 
»se  could  be  obtained  from  the  alcohol  precipitate, 
e  hydrolyzed  solution  from  Macrocystis  was  treated  with 
,rlhydrazine  hydrochloride  and  sodium  acetate.  Yellow 
nes  precipitated  out  on  coohng.  Three  different  crystalline 
I  were  distinguishable  under  the  microscope,  including  two 
-like  forms  to  a  comparatively  small  extent.  Almost  the 
)  mass  was  made  up  of  an  osazone  resembling  in  general 
dure  arabinose  phenylosazone  prepared  from  gum  arabic, 
ugh  the  grouping  of  the  crystals  was  somewhat  different, 
ated  recrystallization  from  50  per  cent  alcohol  gave  pure 
^  showing  no  variation  in  melting  point  on  further  crystaUi- 
a.  The  meltmg  point  is  172-173°C.  The  melting  point  of 
e  phenylosazone^^  is  177°  C.  of  the  crystals  by  Neu- 
3  method  was  O*'  0'.  They  are  insoluble  in  cold  or  hot  toluene 
Jcohol.  The  melting  pomt  and  solubiUties  closely  resemble 
)rresponding  properties  of  fucose  phenylosazone.  Fucose  is 
aly  methyl  pentose  so  far  found  to  occur  in  marine  algae.'^ 
IS  prepared  from  Laminaria  digitaJia,^  Fucus  vemcidosus,^^ 
^ori  (Porphyra  laciniatay  by  ToUens  and  his  colleagues. 
3  hydrolysis  of  the  preparation  from  Iridaea  was  accom- 
d  as  previously  described,  and  phenylosazones  were  pre- 
The  crystals  obtained  were  identical  with  galactose 
dosazone  crystals  prepared  at  the  same  time. 


lllett,  W.  B.,  and  Tollens,  B.,  Ueber  die  Bestimmung  der  Methyl- 
jane  neben  den  Pentosanen,  Ber.  d.  deutsch,  chem.  Gesellsch.,  1905, 
i,  pt.  i,  492-499. 
bderhalden,  loc.  ext.,  301-309. 


.  P.  pure  crystals . . 
.  P.  galactosazone . 
Id"  of  pure  crystals. 
|d°  of  galactosazone 


187-188 
188 


^O^'iG' 
+0*'48' 
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Carbohydrates  in  Algae 


The  solubilities  correspond  to  those  of  d-galactosazone.**  Muc 
acid  crystals  were  readily  obtained  and  the  hydrolyzed  sugj 
solution  gave  Tollens'  reaction  for  galactose."  There  is  Utt 
doubt  that  the  sugar  in  question  is  €?-galactose. 

Forms  of  Sulphur  in  Algae. 

Sulphur  is  a  common  and  important  constituent  of  marii 
algae.^  The  analyses  of  Peterson'*  made  on  land  plants  indica 
much  less  total  and  organically  combined  sulphur  than  is  four 
in  the  algae  investigated.  This  condition  is  not  astonishing  wh< 
it  is  recalled  that  the  sea  water  nutrient  solution  contains  vei 
large  quantities  of  soluble  sulphates,  as  compared  with  the  s( 
solution.  Especially  I  noteworthy  for  their  sulphur  content  a 
the  forms  Iridaea  and  UlvafascicUa.  The  former  has  8.2  per  cei 
total  sulphur,  the  latter  4.4  per  cent.  A  detailed  study  of  tl 
forms  of  sulphur  present  was  made  for  Ulva  fasdata. 

Total  sulphur  (a)  was  determined  by  fusion  with  sodium  pero 
ide,  and  inorganic  sulphur  (b)  by  leaching  the  sample  with  wat 
until  no  further  test  for  SO4  was  given.  Precipitations  were  ma< 
in  each  case  by  Folin's^'*  method.  Total  sulphur  was  also  detc 
mined  in  the  leached  residue  and  in  the  ash.  The  difference  b 
tween  these  two  percentages  represents  the  sulphur  lost  on  bur 
ing.  Volatile  sulphur  was  determined  by  steam  distillation 
the  presence  of  3  per  cent  HCl.  The  distillate  was  passed  in 
bromine  water,  which  was  later  evaporated  to  2-3  cc,  fus< 
with  sodium  peroxide,  and  sulphur  estimated  in  the  usual  wa 
The  other  fractions  were  obtained  as  indicated  in  the  followi] 
table  showing  the  distribution  of  sulphur. 

Distribution  of  Sulphur  in  Ulva  fasciaia,  Per  Cent  of  Dried  Material. 

•   a.  Total  sulphur  4.44 

b.  Soluble  sulphates,  calculated  to  sulphur  2.85 

c.  Soluble  organic  sulphur  (not  precipitated  by  BaCU)  36 

d.  Total  soluble  sulphur  3.21 

»«  Abderhalden,  loc.  cit.,  349-357. 

"  Hawk,  P.  B.,  Practical  Physiological  Chemistry,  Philadelphia,  4 
edition,  1913,  41,  illus. 

»*  Peterson,  W.  H.,  Forms  of  Sulphur  in  Plant  Materials  and  Their  Vari 
tion  with  the  Soil  Supply,  Jour.  Am.  Chem.  Soc,  1914,  xxxvi,  1290-1300. 
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e.  Insoluble  sulphur,  not  volatilized  on  burning   0.69 

f.  Insoluble  sulphur,  volatilized  on  burning   0.47 

g.  Total  insoluble  sulphur   1 . 16 

h.  Sulphur,  volatile  with  steam   0.11 

Sulphur  was  observed  to  be  lost  on  drying  the  sample  at  105*^0. 
Tti^is  is  relatively  a  small  loss  and  is  probably  the  same  fraction 
wti^ich  is  volatilized  by  steam  distillation.  Determinations  were 
vck  ade  of  total  sulphur  before  and  after  drying.  Closely  agreeing 
duplicates  jdelded  the  following  results. 

StUphur  Volatilized  at  lOS'^C.  (24  Hours). 
(Calculated  on  air  dried  samples.) 

Total  S. 

Before  drying.  After  drying.       Loes  of  S. 
per  cent  per  cent  per  cent 

^  €M^ocy8ti8  pyrifera   1.20  1.08  0.12 

Ir--£^iaea  Laminarioides   8 . 97  8 . 76  0 . 21 

Wlwfasciata   4.49  4.36  0.13 

Steam  distillations  were  made  on  the  three  plants  named  above 
arx<i  in  each  case  sulphur  compounds  were  fixed  in  the  distillates 
by  bromine  water.  When  the  residues  from  the  distillates  were 
being  fused  with  sodium  peroxide  an  odor  like  that  of  mustard 
oil  was  noted. 

SUMMARY. 

^.  The  carbohydrates  of  Macrocystis  pyrifera  and  Iridaea 
^'^inarioides  were  investigated  and  several  complex  polysac- 
^i^^rides  described  in  detail  with  reference  to  their  physical  and 
^t^etriical  properties. 

2.  From  the  acid-precipitable  complex  known  as  "algin"  a 
^^^tosazone,  closely  resembling  Z-xylosazone,  was  prepared  in 
^^^e  form  and  its  properties  were  determined. 

3.  In  the  alcohol-insoluble  carbohydrate  fraction  of  Macrocys^ 
Zyyrifera  a  methyl  pentose,  having  the  properties  of  fucose, 

described.    Iridaea  laminarioides  from  a  similar  fraction 
^^IcJed  only  galactose. 

•  The  high  content  of  sulphur  in  marine  algae,  as  typified 

^    fJlva  fasciaia,  was  studied,  and  estimations  were  made  of  the 
held  in  various  forms. 


EXPERIMENTS  UPON  THE  FATE  OF  INGESTED  SODIUM 
NUCLEATE  IN  THE  HUMAN  SUBJECT, 


By  MAURICE  H.  GIVENS  and  ANDREW  HUNTER. 

if^rcm  the  Department  of  Physiology  and  Biochemistry,  Cornell  University 
Medical  College,  Ithaca.) 

(Received  for  publication,  August  25,  1915.) 

Our  studies  of  purine  metabolism  in  the  lower  mammals^  having 
naturally  excited  our  interest  in  the  many  unsettled  questions 
connected  with  the  purine  metabolism  of  man,  we  performed  nearly 
two  years  ago  some  preliminary  experiments  upon  the  fate  of  so- 
dium nucleate  ingested  by  ourselves.  These  experiments,  it  was 
intended,  should  form  the  starting  point  of  a  more  extended  in- 
vestigation and  if  we  have  decided  to  communicate  these  as  they 
stand,  it  is  because  circumstances  have  meanwhile  rendered  the 
prosecution  of  our  original  plan,  at  least  for  the  present,  impos- 
sible. Reported  experiments  upon  the  feeding  of  nucleic  acid  to 
^he  healthy  human  subject  are  comparatively  few  in  number, 
^^u^,  therefore,  if  they  possess  no  other  value,  may  deserve  record 
^s  an  addition  to  the  statistics  of  that  particular  procedure. 

Methods. 

Each  of  us  placed  himself  upon  a  constant  diet  so  selected  as  to 
^  adequate,  adapted  to  individual  taste,  and  as  far  as  possible 
from  purines.    To  this  diet,  after  an  interval  sufficient  for 
establishment  of  equilibrium,  there  was  added  on  one  day  a 
^^i^ed  amount  of  a  sodium  nucleate  preparation,  the  purine  base 
^^^tient  of  which  had  been  previously  determined.    With  the  first 
^^^Ject  (A.  H.)  three  such  experiments,  with  increasing  quantities 

hunter,  A.,  and  Givens,  M.  H.,  Jour.  Biol.  Chem.,  1912-13,  xiii,  371; 
xvii,  37.   Hunter,  A.,  ibid.,  1914,  xviii,  107.    Hunter,  A.,  Givens, 
j^"  "^.i  and  Guion,  C.  M.,  ibid.,  1914,  xviii,  387.   Hunter  and  Givens,  ibid., 
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of  the  nucleate,  were  performed  at  appropriate  intervals;  with  the  € 
second  (M.  H.  G.)  only  one  experiment  was  made.    With  each  the  < 
experimental  day  began  and  ended  at  8  a.m.    The  urine  was  col- 
lected daily;  the  feces  were  collected  in  short  periods  marked  off  " 
by  the  ingestion  of  carmine.   The  purines  of  the  former  (uric  • 
acid  and  bases)  were  determined  by  the  method  of  Kriiger  and  J 
Schmid those  of  the  latter  by  Kriiger  and  Schittenhelm.*  When- 
ever the  possibility  existed  that  the  urine  might  contain  purine  ^ 
compounds  more  complex  than  the  free  bases,  the  analysis  was  ^ 
carried  out  not  only  on  the  native  urine  but  also  on  a  sample  ^ 
which  had  been  boiled  several  hours  with  3  per  xjent  sulphuric  -3 
acid;  the  results  of  this  procedure  were  controlled  by  applying  it  ^ 
also  to  a  number  of  "normal  urines,"  chiefly  from  the  first  sub-  — , 
ject  (A.  H.).   With  this  subject  we  tested  also  the  applicability 
to  human  urine  of  the  plan  for  determining  uric  acid  and  bases 
which  we  have  already  employed  with  the  monkey;*  and  we  found  Szm 
that  the  following  scheme  may  in  certain  circumstances  present 
advantages  over  the  regular  Kriiger-Schmid  procedure. 

The  copper  purine  compounds  from  one-fifth  of  the  day's  urine 
are  boiled  with  dilute  HCl  (1  cc.  of  concentrated  acid  in  200  cc.     -  ^ 
of  water),  and  decomposed  with  H2S.   The  HjS  is  boiled  off,  the 
solution  filtered  with  suction,  the  filter  thoroughly  washed  with 
boiling  water,  and  the  filtrate  made  up  either  to  600  or  1,000  cc.,     «  -  - 
according  to  the  amount  of  uric  acid  present.    The  solution  is 
cooled  rapidly  to  room  temperature,  the  volume  is  finaUy  ad-  — 
justed,  and,  before  any  uric  acid  has  crystallized  out,  5  or  10  cc.     -  ^ 
are  taken  for  the  colorimetric  determination  of  uric  acid  according  r^^i 
to  Folin  and  Macallum.^   The  solution  is  then  evaporated  to 
small  bulk,  the  separating  uric  acid  is  filtered  off,  and  in  the  fil-  — 
trate  the  bases  are  determined  according  to  Kriiger  and  Schmid.  • 

The  only  drawback  of  this  scheme  is  the  time  occupied  in  the  ^^-i^ 
evaporation  of  the  large  bulk  of  liquid  which  is  required  to  keep 
all  the  uric  acid  of  human  urine,  even  for  a  short  time,  in  solution.  - 
Its  advantages,  under  most  circumstances  more  than  compensa-  — 
tory,  are  that  it  disposes  of  the  necessity  of  weighing  or  Kjeldahl-  -  Ml- 

*  Kriiger,  M.,  and  Schmid,  J.,  Ztschr.f.  physiol.  Chem.f  1906,  xlv,  1. 
'  Kriiger,  M.,  and  Schittcnhelm,  A.,  ibid.,  1905,  xlv,  14. 

*  Hunter  and  (livena,  Jour.  Biol.  Chem.,  1914,  xvii,  37. 

6  Folin,  O.,  and  Macallum,  A.  B.,  ibid.,  1912-13.  xiii,  363. 
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ing  the  uriC  acid,  and  at  the  same  time  avoids  the  micertainty  in- 
cident to  the  use  of  a  correction  for  solubility/  A  reference  to 
Table  I  will  show  that  its  results  are  generally  within  5  per  cent 
of  those  yielded  by  a  nitrogen  determination  on  the  uric  acid 
crystals. 

The  phosphotiingstic  color  reaction,  when  developed  in  the  prod- 
uct of  copper  precipitation,  yields  a  beautifully  clear  blue  solu- 
tion of  precisely  the  same  tint  as  that  given  by  a  pure  solution  of 
uric  acid.    The  colorimeter  readings  can  therefore  be  made  with  a 
high  degree  of  accuracy.   We  take,  however,  this  opportunity  of 
stating  that  we  have  found  the  technique  of  the  colorimetric 
ttxethod  by  no  means  so  free  from  difficulties  as  the  published  de- 
scriptions of  its  authors  might  make  it  appear.    The  experience 
^f  this  laboratory  in  fact  substantiates  in  general  the  criticisms 
^^cently  made  by  Benedict  and  Hitchcock.^   Particularly  have 
found  these  criticisms  justified  in  relation  to  the  proposed 
^andard  solution  of  formaldehyde-uric  acid.    This  exhibited  in 
^Var  hands  very  wide  and  apparently  quite  erratic  variations  in 
^iter.    Their  cause,  discovered  by  Benedict  and  Hitchcock  to  be 
^tie  fluctuations  of  laboratory  temperature,  escaped  us;  but  in 
l^t-actice  they  forced  us,  after  repeated  trials,  to  abandon  the 
standard  as  altogether  unreliable.   The  standard  we  finally 
^^opted  for  our  own  use  was  an  aqueous  solution  of  uric  acid, 
^lightly  acidified  with  acetic  acid,  of  such  strength  that  about  1 
^g.  was  contained  in  25  cc.     This  was  carefully  standardized 
^.gainst  a  fresh  solution  of  1  mg.  uric  acid  in  1  cc.  dilute  lithium 
Carbonate  solution  prepared  as  Folin  and  Denis  direct.  When 
t^reserved  by  an  antiseptic  (sodium  fluoride  was  used)  it  suffered 
appreciable  deterioration  in  several  weeks.    Its  principle  was 
Of  course  the  same  as  that  of  the  solution  proposed  by  Benedict 
^nd  Hitchcock;  the  latter  has  the  advantage  of  being  five  times 
:more  concentrated. 

•  We  have  frequently,  when  employing  the  technique  of  the  Kriiger- 
^chmid  method,  taken  occasion  to  determine  colorimetrically  the  amount 
of  uric  acid  actually  remaining  in  the  filtrate  from  the  separated  crystals. 
"The  quantities  found  in  one  series  were  3.9,  9.0,  3.6,  4.7,  3.6,  and  6.6  mg.  of 
xiric  acid.  The  correction  adopted  by  Kriiger  and  Schmid  is  3.5  mg. 
'  Benedict,  S.  R.,  and  Hitchcock,  E.  H.,  Jour.  Biol.  Chem.,  1915,  xx,  619. 
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Experiments  with  A.  H. 

The  first  subject  of  experiment  (A.  H.)  was  37  years  of  age,  and 
weighed  at  the  beginning  of  the  record  50.5,  at  the  end  61.2  kg. 
The  diet  made  use  of  was  the  following: 

Milk   900  cc. 

Egg  (boiled)   100  gm. 

Cheese   50  " 

Bread  350  " 

Butter   70  " 

Apple   100  " 

Sugar   40  " 

Infusion  of  "Instant  Postum'*  600  cc. 

Water   250  " 

This  diet  was  calculated  (largely  from  analyses  of  our  own) 
contain  13.9  grams  of  nitrogen,  and  to  possess  an  energy  value  < 
2,782  calories.   It  was  instituted  five  days  before  the  collection  and 
analysis  of  urine  were  commenced,  and  was  maintained  for  21  da^; 
thereafter.  On  the  4th,  9th,  and  15th  days  of  the  record  there  we 
performed  Experiments  I,  II,  and  III,  consisting  of  the  ingestion  o3^*^ 
sodium  nucleate  in  quantities  which  are  indicated  in  Table  I.— 
The  nucleate  was  not  taken  in  a  single  dose,  but  in  three  approxi-  - 
mately  equal  portions  immediately  before  breakfast  (8  a.m.), 
lunch  (1  p.m.),  and  dinner  (6.30  p.m.)  respectively.   By  this  pro- 
cedure it  was  hoped  to  render  the  absorption  of  the  purines  very 
gradual,  and  so  to  escape  the  possible  danger  of  disturbing  normal 
enzymatic  processes  by  the  sudden  influx  of  an  excess  of  material.  - 
Each  fraction  of  the  dose  was  dissolved  in  about  100  cc.  of  water. 
The  urine  was  analyzed  inmiediately  after  collection.    Its  uric  acid 
was  determined  both  according  to  Kriiger-Schmid,  and  by  the  ^ 
adaptation  of  the  colorimetric  method  already  described.   Bases  ' 
were  estimated  (at  least  for  the  first  15  days)  after,  as  well  as  be- 
fore, hydrolysis  of  the  urine.®   The  feces,  although  collected,  could 
not  in  this  ease  be  analyzed. in  the  time  at  our  disposal. 

^  In  the  hydrolyzcd  urine  we  determined,  as  a  matter  of  fact,  uric  acid 
as  well  as  bases.  The  results  generally  agreed  closely  enough  with  those 
obtained  on  the  fresh  urine.  Now  and  then  they  were  somewhat  lower, 
as  if  the  operation  of  boiling  with  dilute  acid  had  destroyed  some  of  the 
uric  acid.  \Vc  have  not  thought  it  worth  while  to  complicate  the  table 
by  reporting  these  results. 
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The  results  of  the  analyses  are  shown  in  Table  I. 

The  sodium  nucleate  employed  in  these  experiments  contained 
8-  &S  per  cent  of  purine  nitrogen.  The  amount  of  purine  nitrogen 
ini^^ested  was  therefore  0.276  gram  in  Experiment  I,  0.525  gram 


TABLE  I. 


Day. 

Urine. 

Remarks. 

Volume. 

Total  nitrogen. 

Uric  acid 
nitrogen. 

Purine  base 
nitrogen. 

ll 

Colorimet- 
ric. 

Before  hy- 
drolysis. 

After  hy- 
drolysis. 

ce. 

gm. 

gm. 

gm. 

gm. 

gm. 

1 

1,240 

12.07 

0.113 

0.107 

0.011 

0.017 

2 

1,000 

12.48 

0.117 

0.111 

0.010 

0.016 

3 

1,000 

12.06 

0.110 

0.108 

0.009 

0.016 

I 

4 

1,490 

13.24 

0.161 

0.159 

0.010 

0.018 

3 

.18  gm.  sodium  nu- 

cleate. 

5 

1,360 

11.88 

0.130 

0.134 

0.011 

0.018 

6 

1,230 

12.54 

0.115 

0.119 

0.009 

0.017 

7 

1,210 

11.81 

0.110 

0.118 

0.012 

0.017 

8 

1,280 

12.24 

0.111 

0.108 

0.011 

0.018 

II 

9 

1,500 

13.10 

0.147 

0.142 

0.012 

0.017 

6 

05  gm.  sodium  nu- 

cleate. 

10 

1,180 

12.36 

0.140 

0.142 

0.012 

0.016 

11 

1,450 

13.47 

0.117 

0.114 

0.012 

0.017 

12 

1,080 

12.54 

0.119 

0.115 

0.011 

0.016 

13 

940 

12.61 

0.113 

0.122 

0.011 

0.018 

14 

1,190 

12.31 

0.111 

0.107 

0.011 

0.017 

Xll 

15 

1,380 

13.13 

0.180 

0.179 

0.011 

0.016 

9 

12  gm.  sodium  nu- 

cleate. 

16 

1,400 

13.38 

0.160 

0.161 

0.011 

17 

900 

12.44 

0.135 

0.137 

0.009 

18 

1,310 

12.20 

0.127 

0.135 

0.011 

19 

1,200 

12.33 

0.115 

0.121 

0.011 

20 

1,430 

12.95 

0.116 

0.118 

0.009 

21 

1,380 

13.24 

0.116 

0.010 

22 

1,550 

10.88 

0.093 

0.016 

Fasting. 

in  Experiment  II,  and  0.792  gram  in  Experiment  III.  Since  the 
purine  content  of  the  feces  was  not  ascertained,  it  is  impossible 
to  be  certain  what  proportion  of  these  quantities  was  absorbed. 
We  shall  assume  that  the  absorption  was  complete.   In  the  case 
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of  M.  H.  G.,  reported  below,  less  than  10  per  cent  of  the  purir 
nitrogen  ingested  reappeared  in  the  feces;  this  is  in  accord  wit 
the  usual  experience  in  such  experiments.  It  is  therefore  unlikel 
that  the  assumption  made  will  involve  any  considerable  error. 

The  administration  of  sodium  nucleate  was  without  effect  o 
the  purine  bases  of  the  urine.  This  is  true  whether  these  be  d 
termined  in  the  native  urine  or  after  boiling  with  dilute  sulphur 
acid.  The  latter  operation  produces  an  increase  in  the  amount  < 
basic  nitrogen  precipitable  by  copper,  indicating  (if  we  are  1 
rely  implicitly  upon  the  method)  the  presence  of  complex  purir 
compounds  (nucleoprotein,  nucleoside,  etc.?)  but  these  con 
pounds,  if  they  really  exist,  are  evidently  normal  constituents  « 
urine,  and  their  amount  is  not  increased  by  the  ingestion  of  ni 
cleate.  As  far  as  the  purine  nucleus  reappears  at  all  in  the  urin 
it  takes  in  the  present  experiment  the  form  of  uric  acid. 

In  Table  I  there  are  (excluding  the  day  of  fasting)  thirtee 
days  on  which  the  uric  acid  output  may  be  confidently  assum( 
to  be  unaffected  by  exogenous  factors.  The  lowest  figure  for  ai 
of  these  days  is  0.110,  the  highest  0.119,  and  the  average  of  £ 
0.114  gram  of  nitrogen.®  On  the  basis  of  that  average  the  ext: 
uric  acid  nitrogen  resulting  from  the  administration,  in  Expei 
ment  I,  of  0.276  gram  of  purine  nitrogen  is  0.063  gram.  This 
distributed  over  two  days'  urine,  but  as  the  last  fraction  of  tl 
dose  was  not  taken  till  6.30  p.m.,  it  is  possible  that  eliminati( 
was  complete  within  twenty-four  hours  or  less  of  ingestion, 
the  exogenous  purine  had  been  wholly  converted  into  uric  aci 
it  would  have  yielded  in  that  form  four-fifths  of  0.276,  i.e.,  0.21 
gram  of  nitrogen.  The  amount  actually  recovered  represen 
therefore  but  28.5  per  cent  of  the  possible.  The  remainder  of  tl 
ingested  purine  is  unaccounted  for. 

The  extra  uric  acid  nitrogen  in  Experiment  II  amounted  (aga 
in  two  days)  to  0.059  gram.  Adopting  the  same  basis  of  calc 
lation  as  before,  we  find  this  to  be  only  14  per  cent  of  a  possib 
0.420  gram.    This  is  but  half  the  yield  of  Experiment  I. 

In  Experiment  III,  where  9  grams  of  nucleate  were  taken,  tJ 
uric  acid  output  remains  unmistakably  above  normal  for  as  mu( 
as  four  days.    This  is  contrary  to  the  usual  experience  in  su( 

•  The  figures  used  in  the  discussion  are  those  obtained  by  the  Krtige 
Schmid  method. 
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experiments.  It  is  of  course  possible  that  the  delayed  elimination 
in  the  present  instance  was  pathological  in  character.  It  is  at 
least  worthy  of  note  that  on  the  19th,  20th,  and  21st  days  (i.e., 
several  days  after  the  ingestion  of  the  nucleate,  and  when  the 
excretion  of  the  products  had  apparently  come  to  an  end)  the 
sutject  suffered  what  was  to  him  an  entirely  novel  experience  in 
tlxe  form  of  "rheumatic"  pains  localized  in  the  third  and  fourth 
naetacarpals  and  corresponding  phalanges  of  the  right  hand. 
However,  a  delay  equaUy  great  was  observed  also  in  the  experi- 
ment  upon  the  subject  M.  H.  G.  (see  below),  in  whose  case  it  was 
aocompanied  by  no  abnormal  manifestations  of  any  kind.  It 
would  seem  therefore  that  the  elimination  of  uric  acid  derived 
from  exogenous  sources  may  on  occasion  normally  take  place 
invich  less  promptly  than  is  usually  supposed.  The  total  output 
of  exogenous  uric  acid  nitrogen  after  Experiment  III  was  0.146 
gram,  which  is  23  per  cent  of  the  theoretically  possible  0.634  gram. 

-Attention  is  called  in  passing  to  the  fact  that  a  day's  fasting 
lo\^'ered  the  endogenous  uric  acid  output  at  once  by  about  20  per 

Experiment  with  M.  H,  G, 

The  second  subject,  M.  H.  G.,  age  25,  weight  68.0  kg.,  was 
PJ^ced  on  the  following  diet. 


^ilk   950  cc. 

Egg  (boiled)   190  gm. 

CJream  cheese   40  " 

iButter   60  " 

:Bread   60  " 

iBiscuits  ("Uneeda'0   40  " 

i>otato  (baked)   100  " 

Xlice  (boiled)  100  " 

S?ugar   10  " 

Jam   40  " 

Orange   245  " 

\Vater  ad  libitum. 


*3r*liis  diet,  containing  13.56  grams  of  nitrogen  and  2,450  calories, 
.  instituted  several  days  before  analyses  were  begun.    On  the 

^^h  day  of  the  actual  record  7  grams  of  sodium  nucleate,  dis- 
in  about  250  cc.  of  water,  were  ingested  at  10.30  a.m. 
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This  forms  Experiment  IV,  of  which  the  result  is  exhibit 
Table  II. 

The  7  grams  of  sodimn  nucleate  administered  on  the  f 
day  contained  0.608  gram  of  purine  nitrogen.  Of  this  0.057 
appeared  in  the  feces.  The  amount  absorbed  was  therefore 
gram,  capable  of  yielding  0.440  gram  of  uric  acid  nitrogen, 
daily  output  of  endogenous  uric  acid  nitrogen  for  M,  H.  G. 
be  set  at  0.118  gram,  the  average  of  the  first  three  days, 
output  on  the  day  of  nucleate  administration  exceeded  th 

TABLE  II. 


i 


I? 


Urine, 


1,800 
1,300 
1,400 
1,560 

m 


a 


id5 

1.018 
1.016 
1,016 

I.OIS 


sm 
13.12 
13.06 
13.06 
13.09 

13.96 
12,44 


3  . 


0.116 
0.11 
0.12^ 
O.lSl 

0.16.^ 
0441 


aitTQfen. 


II 


0,014 
0  013 
0.014 
0.013 

0  007 
0.014 


^1 


0.021 
0.020 


0.064 
0420 
0.002 


7  gulp  « 


0.063  gram,  on  the  next  day  by  0.047  gram,  and  on  the  next 
by  0.023  gram.  The  slowness  with  which  the  exogenous  uri< 
was  eliminated  has  already  been  referred  to.  It  is  possible 
even  on  the  fourth  day  some  extra  uric  acid  might  have  be< 
covered  if  the  urine  had  been  collected.  The  total  yield  fc 
three  days  was  0.133  gram,  which  is  30  per  cent  of  the  the 
cally  possible. 

As  in  the  experiment  with  A.  H.  none  of  the  ingested  p 
appeared  in  the  urine  as  free  purine  bases,  and  there  is  no  evi< 
that  any  of  it  was  excreted  as  bases  in  combination. 
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It  is  still  a  matter  of  debate  whether  uric  acid  constitutes  in 
maxi  an  intermediate  or  a  terminal  product  of  metabolism.  Upon 
this  fimdamental  question  our  experiments  by  themselves  offer  a 
very  slender  basis  for  debate.   Yet  there  is  at  least  one  argument 
which  they  may  fairly  be  used  to  emphasize.   That  argument 
dep>ends  on  a  comparison  of  the  results,  as  recorded  in  the  litera- 
ture, of  all  experiments  of  the  same  kind  as  ours,  i.e.,  experiments 
which  sodium  nucleate  (or  nucleic  acid),  with  its  purine  con- 
^nt  accurately  ascertained,  has  been  administered  to  healthy,  or 
fairly  healthy,  individuals  not  at  the  moment  under  the  influence 
of  a  drug.   The  comparison  is  made  in  Table  III.    In  that  table 
the    percentage  of  uric  acid  recovered"  has  in  each  instance  been 
^Iciilated  by  ourselves  in  the  manner  employed  for  our  own  ex- 
periments; the  figures  therefore  differ  sometimes  from  those  given 
the  authors,  who  have  not  always  borne  in  mind  that  only 
four  of  the  five  nitrogen  atoms  of  an  aminopurine  are  retained  in 
^he  uric  acid  molecule.   We  have  not  thought  it  worth  while  to 
^aJke  account,  in  the  comparison,  of  the  small  proportion  of  in- 
^s-ted  purine  that  has  now  and  then  been  recovered  in  the  form 
^f  bases.    The  "case  numbers"  have  been  assigned  arbitrarily, 
^^ci  merely  for  the  purpose  of  indicating  how  many  separate  in- 
"^"^ciuals  have  formed  the  subject  of  experiments. 

T'he  experiments  reproduced  in  Table  III  have  this  result  in 
^^^rnon,  that  only  a  fraction  of  the  purine  nitrogen  ingested  ap- 
P^^^s  in  the  urine  as  uric  acid.    This  is  true  even  when  it  can  be 
^^^fidently  asserted  that  the  purine  nitrogen  has  been  completely 
^^orbed  and  promptly  reexcreted.    It  has  therefore  been  argued 
^^i^icularly  by  Schittenhelm  and  his  coworkers)  that  uric  acid 
be  a  terminal  product  of  human  metabolism,  but  that 
"^^^^j  admittedly  incapable  of  converting  uric  acid  into  allantoin, 
'^^^'^ti  transform  it  into  some  other  simple  compound,  presumably 
Now,  if  the  argument  be  admitted,  it  follows  from  Table 
^"7  ^   t:hat  in  different  subjects,  and  even  in  th3  same  subjects  at 
^^orent  times,  "uricolysis"  must  take  place  to  very  different  de- 
^^^^^s.   The  "uricolytic  index''  for  man  must  range  between  such 
^^^^ly  separate  values  as  94  (Case  11)  and  29  (Cases  6  and  9). 
oq^erience  with  lower  mammals,  in  which  the  uricolytic  index 
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TABLE  m. 


Case 
No. 

Amount 
admini*- 
tered 
dixrinc 
expemnent . 

Purine 
nitrogen 
content  of 
prepara- 
tion. 

Duration 
of  experi* 
ment. 

Theoretical 
uric  aoid 
recovered. 

Authority. 

gm. 

gm. 

doffa 

per  cent 

1 

20 

3.96 

1 

38 

PoUak  " 

2 

10 

i< 

1 

48 

« 

3 

10 

6.58 

1 

52 

Bloch  " 

4 

10 

« 

1 

60 

(I 

5 

10 

u 

1 

65 

it 

6 

10 

tt 

•1 

71 

t( 

7 
# 

Q  OQ 

A  A 

8 

12.34 

« 

47 

« 

9 

10.01 

ti 

71 

« 

10 

10.03 

« 

53 

« 

11 

50 

6.08 

5 

6 

Frank  and  Schittenhelm" 

12 

40 

i< 

4 

13 

i< 

13 

20 

<i 

2 

51 

(I 

14 

30 

6.20 

3 

29 

Brugsch  and  Schittenhelm" 

15 

30 

7.22 

3 

30 

11 

16 

20 

II 

2 

45 

« 

17 

16 

8.0 

20 

Frank  and  Przedborski** 

18 

15 

« 

37 

« 

19 

16 

« 

13 

« 

20 

16 

« 

18 

« 

21 

3.18 

8.68 

29 

Givens  and  Hunter 

6.05 

11 

14 

11 

9.12 

u 

23 

<< 

22 

7 

i< 

30 

(< 

has  almost  the  character  of  a  constant  for  the  species,  makes  the 
existence  of  such  extreme  individual  variations  highly  improbable. 

»o  Pollak,'L.,  Deutsch.  Arch.f.  klin.  Med.,  1907,  Ixxxviii,  224. 
»  Bloch,  B.,  ibid.,  1905,  Ixxxiii,  499. 
"  Landau,  A.,  ibid.,  1909,  xcv,  280. 

''Frank,  F.,  and  Schittenhelm,  A.,  Ztschr.  f.  physiol.  Chcm.,  1909, 
Ixiii,  269. 

'*  Brugsch,  T.,  and  Schittenhelm,  A.,  Ztschr.  /.  exper.  Path.u.  Therap., 
1907,  iv,  480. 

Frank,  E.,  and  Przedborski,  Arch.f.  exper.  Path.  u.  PharmakoL,  1912. 
Ixviii,  349.    Strictly  speaking,  these  experiments  ought  not  to  appear  in 
the  table,  for  the  purine  content  of  the  preparation  used  was  assumed,  not  * 
directly  determined,  to  be  "about  8  per  cent." 
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To  our  minds  the  failure  to  xecover,  after  feeding  sodium  nucleate, 
more  than  a  very  variable  percentage  of  the  theoretically  possible 
uric  acid  finds  a  much  more  plausible  explanation  in  some  such 
hypothesis  as  that  of  Siv^n,^*  namely,  that  purines  entering,  or 
liberated  in,  the  alimentary  canal  undergo  before  absorption  a 
varying  d^ree  of  bacterial  destruction.  It  was  along  lines  sug- 
gested by  this  h3^othesis  that  we  had  proposed,  in  the  first  place, 
to  continue  our  experiments.  Should  opportunity  permit,  we 
shall  return  to  the  problem  from  this  angle. 

"  Siv^n,  V.  O.,  Arch.f.  d,  ges.  Physiol.,  1912,  cxlv,  283;  1914,  clvii,  582. 


THE  DETERMINATION  OF  AMMONIA  NITROGEN  IN 
STEER'S  URINE. 


By  DONALD  C.  COCHRANE. 

{From  the  Institute  of  Animal  Nutrition  of  the  Pennsylvania  State  College, 
in  cooperation  with  the  Bureau  of  Animal  Industry  of  the  United 
States  Department  of  Agriculture.) 

(Received  for  publication,  September  27,  1915.) 

In  connection  with  certain  metabolism  experiments  now  in 
progress  in  this  Institute,  the  determination  of  the  nitrogen  pres- 
ent in  the  urine  of  a  steer  as  ammonium  compounds  and  am- 
monia has  become  of  considerable  importance.  Recurring  pecu- 
liarities in  the  results  obtained  in  some  earlier  work  involving 
ammonia  determinations  led  to  the  belief  that  the  chloroform 
used  in  the  urine  as  a  preservative  was  inefficient,  since  in  every 
case  urine  so  treated  showed  an  increase  in  the  ammonia  from 
day  to  day.  Therefore  it  was  planned  to  test  out  several  pre- 
servatives especially  as  to  their  abiUty  to  prevent  the  breaking 
up  of  nitrogenous  substances. 

Numerous  attempts  have  been  made  in  this  laboratory  to  differ- 
entiate between  the  nitrogen  present  in  steer's  urine  as  ammon- 
ium compounds  and  that  present  as  ammonia.  Braman,^  how- 
ever, has  shown  that  practically  all  the  ammonia  nitrogen  present 
is  in  the  form  of  ammonium  carbonate  with  possibly  small  quan- 
tities of  ammonia.  Simple  aeration  causes  decomposition  of  am- 
monium carbonate,  and  while  the  addition  of  sodium  chloride 
prevents  a  complete  breaking  up  of  the  carbonate  it  has  been  found 
impossible  to  obtain  a  satisfactory  separation. 

The  total  quantity  of  urine  excreted  by  a  steer  at  one  voiding 
was  collected,  immediately  divided  into  four  approximately  equal 
parts,  and  preserved  at  about  10°C.  during  the  period  covered  by 
analysis.    The  four  samples  were  treated  as  follows: 

'  Braman,  W.  W.,  Jour,  Biol.  Chem.,  1914,  xix,  105. 
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I  No  preservative  added. 
II  Chloroform  added  to  saturation. 

III  Toluene  added. 

IV  Sufficient  n  sulphuric  acid  added  to  render  the  sample 
slightly  acid,  using  cochineal  as  an  indicator. 

The  total  nitrogen  per  cc.  of  urine  was  determined  in  all  four 
samples- using  the  Kjeldahl  method.  It  was  necessary,  because 
of  the  dilution  incident  to  the  addition  of  the  sulphuric  acid  to 
Sample  IV,  to  compute  the  results  obtained  for  anmionia  nitro- 
gen in  terms  of  the  original  urine.  In  doing  this,  use  was  made 
of  the  total  nitrogen  in  the  original  urine  and  the  total  nitrogen 
in  the  acid  sample  since  these  determinations  were  much  more 
accurate  than  any  measurement  of  volume  available. 

TABLE  I. 

Experiment  220 ^  Period  /,  Steer  K,  Preliminary, 
Ration  7.0  Kg.  Clover  Hay. 
Nitrogen  as  ammonium  compounds  expressed  as  mg.  nitrogen  per  cc.  or 

original  urine. 


Sample. 

let 

2nd 

3rd 

4th 

5th 

6th 

7th 

8th 

9th 

day* 

day. 

day. 

day. 

day. 

day. 

day. 

day. 

day. 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

ffiff. 

I 

0.44 

0.98 

1.93 

4.02 

4.86 

5.74 

6.47 

II 

0.96 

1.66 

2.43 

2.51 

2.61 

2.64 

III 

1.39 

2.27 

2.87 

3.44 

3.59 

3.75 

3.77 

IV 

0.44 

0.40 

0.44 

0.52 

0.57 

0.59 

0.68 

*  Total  nitrogen  8.48  mg.  per  cc. 

Nitrogen  as  ammonium  compounds  was  determined  by  SteeFa 
modification  of  Folin's  method.^   This  method  was  decided  upor 
because  of  the  heavy  precipitates  of  phosphates  so  often  encoun-  -^•-^ 
tered  in  steer^s  urine.'   DupUcate  determinations  of  ammoni^^ 
nitrogen  were  made  daily  using  the  apparatus  described  by  Folin^ 
except  that  aeration  was  obtained  through  the  use  of  aCroweKT-ll 
blower  delivering  about  7  liters  per  minute.    Three  hours  wei> — ^^"^ 
found  to  be  sufficient  for  the  recovery'  of  the  ammonia  in  all  ( 

«  Steel,  M.,  Jour.  Biol.  Chern  ,  1910-11,  viii,  365. 
»  Steel,  M.,  and  Gies,  W.  J.,  ibid.,  1908-09,  v,  71. 

*  Folin,  O.,  Ztschr.  f.  physiol.  Chem.,  1902,  xxxvii,  161. 
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Table  I  shows  the  comparative  results  obtained  upon  each 
sample  during  nine  successive  days. 

An  examination  of  the  table  reveals  rather  astonishing  results 
specially  in  view  of  the  wide  use  of  chloroform  as  a  urinary  pre- 
servative. The  progressive  and  rapid  increase  in  the  ammonia 
nittx)gen  in  Samples  II  and  III,  in  which  chloroform  and  toluene 
w^ire  used,  would  tend  to  cast  doubt  on  the  accuracy  of  ammonia 
de-tcrminations  in  the  urine  of  herbivora  reported  by  previous 
i^^^v-estigators. 

The  inhibiting  action  in  the  case  of  the  sulphuric  acid  may  be 
asoribed  to  the  bactericidal  action  of  the  slight  excess  of  acid* 
over  that  necessary  to  neutralize  the  titratable  alkalinity,  or 
possibly  to  the  formation  of  acid  phosphates.* 

To  confirm  the  conclusions  drawn  from  this  experiment  a  fur- 
ther investigation  of  the  action  of  sulphuric  acid  as  a  retardant  of 
ammoniacal  decomposition  was  undertaken.    This  covered  a  ten 
tlay  period  during  which  the  total  quantity  of  urine  excreted  each 
was  collected  and  sampled.   Two  samples  of  each  daily  urine 
^ere  taken.    One  sample  was  treated  with  n  H2SO4  as  described 
above;  the  other  was  untreated.    Both  samples  were  kept  in  the 
chest  until  the  analyses  were  made.    In  every  case  ammonia 
^^^rminations  were  made  as  soon  as  possible  after  the  close  of 
experimental  day  (6.00  p.m.)  and  in  only  two  instances  was 
urine  as  much  as  forty  hours  old  at  the  time  of  analysis.  In 
ruajority  of  cases  fifteen  hours,  and  in  one  case  only  two  hours 
^^X>sed  before  the  determinations  were  made. 

T'wo  composite  samples  were  also  made  up  covering  the  ten  day 
^^^od.  One  composite  sample  was  untreated  while  to  the  other 
,  added  the  quantity  of  sulphuric  acid  necessary  to  make  the 

^ily  aliquot  slightly  acid. 

I^he  acid  composite  was  found  to  be  alkaline  at  the  end  of  the 
rp^^^cnth  day  showing  that  some  decomposition  had  taken  place. 

quantity  of  ammonia  nitrogen  present  confirms  this,  there 
^^^g  twice  as  much  in  the  acid  composite  as  the  average  of  the 
daily  samples. 

*  Endemann,  H.,  Chem.  News,  1880,  xli,  152.   Corfield,  W.  H.,  and  Parks, 
.,  Treatment  and  Utilization  of  Sewage,  London,  3rd  edition,  1887. 
^Roh^,  G.  H.,  Textbook  of  Hygiene,  Philadelphia,  2nd  edition,  1890, 
j^^-      Stutzer,  A.,  Ztschr.  f.  Hyg.  u.  Infectionskrankh.,  1893,  xiv,  116. 
^i«e,  E.,  Microorganisms  and  Disease,  New  York,  2nd  edition,  1886,  258. 
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Table  II  shows  the  compaxative  ammonia  nitrogen  in  the 
different  urines  together  with  that  in  the  corresponding  compof 
sample. 

TABLE  II. 
Experiment  iBO,  Period  /,  Steer  K, 
Ration  7.0  Kg.  Clover  Hay. 
Nitrogen  in  urine  as  ammonium  compounds  expressed  as  mg.  nitre 
per  cc.  of  original  urine. 


Sample. 

1st 

2nd 

8rd 

4th 

5th 

6th 

7th 

8th 

9th 

10th 

day. 

day. 

day. 

day. 

day. 

day. 

day. 

day. 

day. 

day. 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

Acid  

0.28 

0.25 

(0.22*) 

0.10 

0.19 

(0.2U) 

0.27 

0.34 

0.13 

(0.19*) 

Untreated  

0.48 

0.46 

(0.63) 

0.32 

0.32 

(0.26) 

0.19 

(0.42) 

TABLE  III. 

Experiment  220,  Periods  II  and  III,  Steer  K. 
Rations  2.26  Kg.  Clover  Hay  and  1.6  Kg.  Clover  Hay  with  8.0  Kg.  Maize  M 
Nitrogen  in  urine  as  ammonium  compounds  expressed  as  mg.  nitrogen 
or.  of  original  urine. 


Sample. 

Period  11. 

Period  III. 

1st  day. 

Composite. 

6th  day. 

Compoeit* 

Acid  

mij. 

0  21 

mg. 

0.32 

mg. 

(0.57§) 

nip. 

1.95 

Untreated .... 

0.40 

1.71 

(0.64§) 

*  Urine  about  40  hours  old  when  determinations  were  made. 

§  Determinations  made  immediately  at  close  of  experimental  day. 


A  comparison  of  the  ammonia  nitrogen  in  the  acid  with  tha' 
the  untreated  urine  furnishes  a  full  confirmation  of  the  resi 
shown  in  Table  I.  In  every  case  there  is  much  more  nitroi 
present  as  ammonia  in  the  untreated  than  in  the  correspond 
acid  sample. 

In  order  to  be  sure  that  sufficient  sodium  hydroxide  was  ad< 
to  neutrahze  the  sHght  excess  of  sulphuric  acid  and  also  libei 
all  ammonia,  the  quantity  added  was  varied  with  the  results 
Table  IV. 
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A  variation  from  0.5  to  1.0  gram  of  NaOH  makes  no  appreci- 
able difference  in  the  quantity  of  ammonia  liberated  as  shown  in 
Table  IV. 

TABLE  IV. 


Tht*  Ejfect  of  Variations  in  the  Quantity  of  NaOH  on  the  Ammonia  Deter' 

minations. 


NaOH 

Nitrogen. 

UriDe  1514. 

Urine  1516. 

Urine  1556. 

gm. 

mg. 

mg. 

mg. 

0.5 

1.18 

1.08 

1.12 

0.75 

1.13 

0.98 

1.0 

1.12 

examination  of  the  results  obtained  on  the  acid  and  on  the 
}^^t,i-eated  composite  sample,  Table  II,  shows  the  same  relative 
^<^x*^ase  in  anmionia  as  was  found  in  the  case  of  the  daily  urines. 

decomposition  took  place  even  in  the  acid  composite  is 
sho-^^vn  by  comparing  it  with  the  average  of  the  acid  daily  samples 
^^oi:n  which  it  was  made. 

composite  of  a  series  of  urines,  Table  III,  Period  II,  con- 
^'^ixxing  a  slightly  greater  quantity  of  ammonia,  treated  as  above 
^  gven  greater  difference  between  the  acid  and  the  un- 
^"'"^^ted  sample  and  about  the  same  increase  over  the  average  of 
^'^^   acid  daily  urines  from  which  it  was  made. 


CONCLUSIONS. 


i  .  Figures  for  nitrogen  as  free  ammonia  in  the  urine  of  cat- 
^     are  unreliable  because  of  the  decomposition  of  ammonium 
^^^l)onate. 

Figures  for  total  ammonia  nitrogen  are  worthless  unless 
^t>^cial  precautions  are  taken  to  overcome  the  rapid  ammoniacal 
composition. 

3.  Chloroform  and  toluene  fail  to  prevent  the  breaking  up  of 
nitrogenous  compounds. 

4.  Sulphuric  acid  when  added  to  the  urine  of  a  steer  in  sufficient 
Quantity  to  fix  the  ammonia  present  as  carbonate  and  to  slight 
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Table  II  shows  the  comparative  ammonia  nitrogen  in  the  ten 
different  urmes  together  with  that  in  the  corresponding  composite 
sample. 

TABLE  II. 
Experiment  ffO,  Period  I,  Steer  K. 
Ration  7.0  Kg.  Clover  Hay. 


Nitrogen  in  urine  as  ammonium  compounds  expressed  as  mg.  nitrogen 
per  rc.  of  original  urine. 


Sample. 

1st 

day. 

2nd 
day. 

3rd 
day. 

4th 
day. 

5th 
day. 

6th 
day. 

7th 
day. 

8th 
day. 

9th 
day. 

10th 
day. 

1  1 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

Add  

0.28 

0.25 

(0.22*) 

0.19 

0.19 

(0.211) 

0.27 

0.34 

0.13 

(O.W) 

0.  S9 

Untreated  

0.48 

0.46 

(0.53) 

0.32 

0.32 

(0.26) 

0.10 

(0.42) 

0.77 

TABLE  III. 

Experiment  2^0,  Periods  II  and  III^  Steer  K. 
Rations  B.25  Kg.  Clover  Hay  and  1.5  Kg.  Clover  Hay  with  S,0  Kg.  Maize  Meal. 
Nitrogen  in  urine  as  ammonium  compounds  expressed  as  mg.  nitrogen  per 
CO.  of  original  urine. 


Sample. 

Porigd  II. 

Period  III. 

1st  day. 

Ck)mp(>site. 

6th  day. 

Composite. 

Acid  

0  21 

mg. 

0.32 

ntg. 

(0.575) 

mg. 

1.95 

Untreated  . . .  . 

0.40 

1.71 

(0.645) 

*  Urine  about  40  hours  old  when  determinations  were  made. 

§  Determinations  made  immediately  at  close  of  experimental  day. 


A  comparison  of  the  aninionia  nitrogen  in  the  acid  with  that  in 
the  untreated  urine  furnishes  a  full  confirmation  of  the  results 
shown  in  Table  I.  In  ever^"  case  there  is  much  more  nitrogen 
present  as  ammonia  in  the  untreated  than  in  the  corresponding 
acid  sample. 

In  order  to  be  sure  that  sufficient  sodium  hydroxide  was  added 
to  neutralize  the  slight  excess  of  sulphuric  acid  and  also  liberate 
all  ammonia,  the  quantity  added  was  varied  with  the  results  in 
Table  IV. 


D.  C.  Cochrane 


315 


A  variation  from  0.5  to  1.0  gram  of  NaOH  makes  no  appreci- 
able difiference  in  the  quantity  of  anmionia  liberated  as  shown  in 
Table  IV. 


TABLE  IV. 

The  Effect  of  Variations  in  the  Quantity  of  NaOH  on  the  Ammonia  Deter- 
minations, 


Nitrocen. 

NaOH 

Urine  1514. 

Urine  1516. 

Urine  1556. 

gm. 

mg. 

mg. 

mg. 

0.5 

1.18 

1.08 

1.12 

0.75 

1.13 

0.98 

1.0 

1.12 

An  examination  of  the  results  obtained  on  the  acid  and  on  the 
untreated  composite  sample,  Table  II,  shows  the  same  relative 
increase  in  ammonia  as  was  found  in  the  case  of  the  daily  urines. 
That  decomposition  took  place  even  in  the  acid  composite  is 
shown  by  comparing  it  with  the  average  of  the  acid  daily  samples 
from  which  it  was  made. 

A  composite  of  a  series  of  urines,  Table  III,  Period  IT,  con- 
taining a  slightly  greater  quantity  of  ammonia,  treated  as  above 
showed  an  even  greater  difference  between  the  acid  and  the  un- 
treated sample  and  about  the  same  increase  over  the  average  of 
the  acid  daily  urines  from  which  it  was  made. 

CONCLUSIONS. 

1.  Figures  for  nitrogen  as  free  ammonia  in  the  urine  of  cat- 
tle are  unreliable  because  of  the  decomposition  of  ammonium 
carbonate. 

2.  Figures  for  total  ammonia  nitrogen  are  worthless  unless 
special  precautions  are  taken  to  overcome  the  rapid  aramoniacal 
decomposition. 

3.  Chlorofonn  and  toluene  fail  to  prevent  the  breaking  up  of 
the  nitrogenous  compounds. 

4.  Sulphuric  acid  when  added  to  the  urine  of  a  steer  in  sufficient 
quantity  to  fix  the  ammonia  present  as  carbonate  and  to  slight 
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excess  retards  decomposition  to  such  an  extent  as  to  allow  time 
for  analysis. 

5.  All  ammonia  determinations  must  be  made  on  daily  samples 
of  urine  because  the  sulphuric  acid  does  not  completely  stop  de- 
composition in  a  composite  sample. 


STUDIES  ON  BLOOD  FAT. 


U.  FAT  ABSORPTIOIf  AND  THE  BLOOD  LIPOmS. 

By  W.  R.  BLOOR. 

{From  the  Laboratories  of  Biological  Chemistry  of  the  Harvard  Medical 

School,  Boston.) 

(Received  for  publication,  September  25,  1915.) 

The  mechanism  of  fat  absorption  in  its  relation  to  the  composi- 
tion of  the  blood  is  very  little  imderstood  and  its  investigation  is 
necessary  as  a  preliminary  step  in  the  study  of  fat  metabolism. 
The  following  are  some  of  the  problems  which  present  themselves 
^  this  connection. 
It  is  known  that  the  fats  reach  the  blood  stream  in  a  very  j5ne 
^^ate  of  division — ^the  ''fat  dust"  of  Munk,  the  ''haemakonien" 
N'eumann.   Is  this  fine  suspension  the  only  provision  made  to 
'^^cicr  the  fats  transportable  or  is  something  added  to  render  th3 
susj>^nsion  more  permanent?   What  is  therefore  the  exact  com- 
P^^i'tion  of  the  fat  when  it  reaches  the  blood  stream  from  the 
^te^stine?   How  does  the  presence  of  an  excess  of  foreign  fat, 
suc>x  as  is  present  in  alimentary  lipemia,  influence  the  relations 
"ttlie  normal  lipoids  of  the  blood? 

'X'he  present  views  in  this  regard  are  that  the  fats,  after  their 
Vdrolysis  in  the  intestine,  are  resynthesized  during  their  passage 
ttiTough  the  intestinal  wall  and  pass  into  the  blood  stream  in 
essentially  the  form  in  which  they  were  ingested,  i.e.,  as  glycerides, 
fijid  that  alimentary  lipemia  is  due  to  nothing  more  than  the 
addition  of  these  glycerides.    There  is,  however,  a  growing  feel- 
ing that  the  process  is  not  so  simple.    On  the  one  hand,  examina- 
tion of  the  blood  in  many  pathological  conditions  has  shown  that 
the  lipemia  foimd  is  frequently  a  ''lipoidemia,  ''^  in  that  along  with 
the  increase  of  true  fat  there  is  also  an  increase  of  lecithin  and 
cholesterol;  and  on  the  other  hand  a  school  of  French  investi- 

1  Miiller,  J.,  Ztschr.  f.  physioL  Chem.,  1913,  Ixxxvi,  469. 
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gators^  have  found  that  there  is  nonnally  a  fairly  constant  re- 
lationship between  the  lipoid  constituents  of  various  tissues 
including  the  red  blood  corpuscles  and  that  therefore  a  similar 
constancy  of  relationship  might  be  expected  in  the  lipoids  of  the 
blood  serum. 

Some  evidence  has  already  been  presented  to  show  that  th^w 
fats  do  not  reach  the  blood  stream  in  exactly  the  form  in  whic^zr 
they  wera  taken  in  as  food.   It  was  found,'  for  example,  that  ^ 
fat  of  the  chyle  had  a  somewhat  different  composition  from  ths^m 
of  the  food  fat,  as  shown  by  a  different  iodine  number  and  meltii^M 
point,  and  that  the  direction  and  extent  of  the  changes  depend^^^ 
on  the  nature  of  the  fat  fed.   With  the  harder  fats  the  meltiiHiM 
point  was  lowered  and  the  iodine  number  raised,  while  with  tL  3 
liquid  fats  the  reverse  was  the  case.   These  changes  were  muc^^l 
greater  than  could  be  accounted  for  by  the  fatty  material  cr:^^ 
fasting  chyle.   Whether  the  differences  were  due  to  admixtui — 
of  material  supplied  by  the  blood  during  absorption  (for  the  pur^^ 
pose  of  rendering  transport  easier?),  or  whether  they  were  due  t^ 
changes  in  the  fats  themselves  during  the  process,  was  not  clear. 
As  regards  changes  in  the  blood  Upoids  during  fat  absorption 
we  have  very  little  evidence.  Reicher*  in  three  experiments  on 
dogs  found  great  increases  in  lecithin  (82  per  cent)  and  cholesterol 
(65  per  cent)  during  fat  absorption,  while  at  the  same  time  the 
average  fat  increase  was  53  per  cent.    Terroine*^  found  a  par- 
allelism between  the  increase  of  fat  and  of  cholesterol  in  the  blood 
during  fat  absorption.    Greenwald®  states  that  the  lipoid  phos- 
phorus of  the  blood  serum  does  not  appear  to  increase  during 
fat  absorption.    The  possibiUty  of  such  changes  in  the  blood 
lipoids  during  fat  absorption  is  of  interest  not  only  from  the 
point  of  view  discussed  above  but  also  because  of  their  probable 
influence  on  various  blood  reactions,  such  as  hemolysis,  coagu- 
lation, immunity,  etc.,  all  of  which  have  been  claimed  to  be  de- 
pendent upon  or  be  influenced  by  the  lipoids.    For  the  same 

2  Mayer,  A.,  and  Schaeffer,  G.,  Jour,  dv  physiol.  et  de  path, gin. ^  1913,  xv, 
984.    Terroine,  ft.  F.,  ibid.,  1914,  xvi,  212. 

3  Bloor,  W.  R.,  Jour.  Biol.  Chem.,  1913-14,  xvi,  517. 

*  Rcichcr,  K.,  Vcrhandl.  d.  Cong.f.  inn.  Med.,  1911,  xxviii,  327. 
^  Terroine.  Jour,  de  physiol.  et  d^  path,  gen.,,  1914,  xvi,  386. 
^'  Greenwald,  I.,  Jour.  Bi(d.  Chcm.,  1915,  xxi,  29. 
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Reason  such  increases  would  be  of  interest  clinically  from  their 
influence  on  the  various  blood  tests  used  in  diagnosis.  It  seemed 
desirable,  therefore,  to  imdertake  a  study  of  the  effect  of  fat 

A68orption  on  the  blood  lipoids  and  the  following  experiments 

'^^ere  carried  out  for  that  purpose. 

EXPERIMENTAL. 

Dogs  which  had  received  no  food  for  about  twenty-four  hours 
'^^re  given  a  feeding  of  fat  and  then  determinations  of  the  blood 
^i^^ids  were  made  on  blood  samples  taken  at  intervals  over  a 
t^^^Tiod  of  about  eight  hours,  the  first  sample  being  taken  just 
'^^fore  the  feeding,  the  others  at  intervals  of  one  or  more  hours. 

blood  was  analyzed  for  (a)  total  fat  (fatty  acids  plus  cho- 
^^^erol),  (b)  cholesterol,  and  (c)  *Mecithin''  according  to  the 
^^llo^^dng  scheme. 

Preparation  of  the  Sample. 

3  cc.  of  blood  were  drawn  from  the  jugular  vein,  by  means  of  a  needle 
and  a  short  length  of  rubber  tubing,  into  a  pipette  containing  a  little  pow- 
dered oxalate  and  run  slowly  (a  slow  stream  of  drops)  into  about  75  cc.  of 
a  mixture  of  alcohol  and  ether  (three  parts  95  per  cent  alcohol  and  ether, 
both  freshly  distilled)  in  a  100  cc.  graduated  fiask,  the  liquid  in  the  fiask 
being  kept  in  motion  during  the  emptying  of  the  pipette.  The  contents 
of  the  flask  were  then  raised  just  to  boiling  by  immersion  of  the  fiask  in  a 
boiling  water  bath  with  shaking  to  prevent  superheating,  then  cooled 
under  the  tap  to  room  temperature,  made  up  to  the  mark  with  more  alco- 
hol-ether, mixed,  and  filtered.  The  filtrates  were  clear  and  practically 
colorless  and  if  well  stoppered  and  put  in  a  cool  dark  place  could  be  kept 
unchanged  for  several  months. 

Total  Fat  (Fatty  Acids  plus  Cholesterol). 

The  method  used  was  described  in  detail  in  a  previous  article.^ 
It  is  a  method  depending  on  tho  precipitation  of  the  fat  in  water 
under  suitable  conditions  and  determination  of  its  amount  by  the 
use  of  the  nephelometer.    The  procedure  is  briefly  as  follows. 

10  cc.  of  the  blood  extract,  containing  about  2  mg.  of  fat,  are  measured 
into  a  small  beaker  and  saponified  by  adding  2  cc.  of  n  sodium  ethylate 
and  evaporating  off  the  alcohol.    (It  should  not  be  allowed  to  come  to 


7  Bloor,  Jour.  Biol.  Chetn.,  1911,  xvii,  377. 
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complete  dryness  or  the  results  will  occasionally  be  too  high.)  5  cc.  of  the 
alcohol-ether  mixture  are  nm  in  and  the  solution  is  raised  just  to  boiling, 
then  50  cc.  of  distilled  water  are  added.  (The  original  directions  call  for 
100  cc.  of  water  but  it  has  been  found  that  more  satisfactory  readings  can 
be  made  with  the  denser  suspension  as  above.) 

A  standard  solution  is  prepared  by  measuring  5  cc.  of  an  alcohol-ether 
solution  of  oleic  acid,  containing  about  2  mg.  of  oleic  acid,  with  stirring, 
into  50  cc.  of  water  in  a  similar  small  beaker.  To  the  standard  and  test 
solutions  are  then  added  simultaneously  from  pipettes  and  with  stirring 
10  cc.  of  dilute  HCl  (1  part  concentrated  HCl  with  3  parts  of  water)  and  the 
mixtures  allowed  to  stand  for  five  minutes,  after  which  the  nephelometer 
tubes  are  filled  and  readings  made  as  usual.  Special  care  is  required  to 
avoid  the  presence  of  bubbles  which  are  very  liable  to  fonn  on  the  sides  of 
the  tubes  owing  to  the  presence  of  ether  in  the  liquid.  After  completion 
of  the  reading  the  tubes  should  be  examined  and  if  bubbles  are  present 
they  should  be  removed  by  careful  inversion  of  the  tubes  and  the  readings 
repeated.  The  presence  of  bubbles  increases  the  apparent  value  of  the 
solution.  The  values  of  the  solutions  are  inversely  proportional  to  the 
readings  and  calculations  are  made  as  in  colorimetric  work. 

The  nephelometer  used  was  of  the  Richards  type  made  by  a  modification 
of  the  Duboscq  colorimeter.' 

Cholesterol. 

The  Autenrieth-Funk  method^  was  applied  to  the  blood  ejctract 
as  follows. 

10  cc.  of  the  extract  (containing  about  0.5  mg.  of  cholesterol)  were 
measured  with  a  pipette  into  a  small  beaker,  2  cc.  of  sodium  ethylate  added, 
and  the  whole  was  evaporated  to  dryness  and  dried  half  an  hour.  5  cc.  of 
a  standard  cholesterol  solution,  containing  0.5  mg.  of  cholesterol  and 
about  2  mg.  of  oleic  acid  were  measured  into  a  beaker  and  similarly  treated. 
The  cholesterol  was  extracted  from  both  by  boiling  out  with  6  cc.  portions 
of  dry  chloroform  for  three  periods  of  five  minutes  each,  decanting  the 
extracts  through  a  small  filter  into  another  beaker,  and  after  evaporating 
the  extracts  to  small  bulk,  transferring  to  10  cc.  graduates  and  making  up 
to  6  cc.    From  this  point  on  the  treatment  was  the  same  as  in  the  Auten- 
rieth-Funk procedure.   2  cc.  of  acetic  anhydride  and  0.1  cc.  of  concen- 
trated sulphuric  acid  were  added,  the  solutions  mixed  by  inverting  the 
graduates,  then  set  away  in  the  dark  at  30-32**  C.  for  fifteen  minutes,  after 
which  comparisons  were  made  in  the  colorimeter.   The  Duboscq  colorim- 
eter was  used,  the  glass  cups  being  set  in  plaster  of  Paris  since  the  ordi- 
nary setting  material  is  soluble  in  chloroform.   The  white  glass  plate  was 
used  in  place  of  the  mirror. 


*  Rloor,  Jour.  Biol.  Chem.,  1915,  xxii,  145. 

^  Autenrieth,  W.,  and  Funk,  A.,Muvch€n.  vied.Wchnschr.,  1913,  Ix,  1243. 
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As  has  been  pointed  out  by  Klein  and  Dinkin,^^  the  chloroform  extract 
of  the  cholesterol  in  the  Autenrieth-Funk  method  contains  some  brownish 
color  which  makes  comparison  with  the  standard  color  difficult  and  more 
or  less  uncertain.  The  saponification  and  drying  of  both  standard  and 
test  as  above  was  done  to  overcome  the  effect  of  the  brownish  tint  by  pro- 
ducing it  in  both  the  standard  and  test  solutions.  The  device  overcomes 
the  difficulty  to  a  considerable  extent  and  makes  satisfactory  readings 
possible  in  all  but  a  few  cases. 

Method  for  Lecithin. 

The  method  used  was  described  in  a  previous  article."  It  de- 
pends on  the  precipitation  of  the  phosphoric  acid  of  the  lecithin, 
after  ashing,  with  silver  nitrate  under  suitable  conditions  and  the 
determination  of  the  amount  of  the  precipitate  by  the  use  of  the 
uephelometer.   The  procedure  is  as  follows. 

10  cc.  of  the  blood  extract  (containing  about  1.2mg.  of  ''lecithin''  or 
0.15  mg.  H»P04)  are  measured  into  a  200  x  25  mm.  Jena  test-tube,  three  or 
four  glass  beads  of  3  mm.  diameter  are  added,  and  the  liquid  is  evaporated 
to  dryness  by  immersion  in  a  boiling  water  bath.   The  tube  is  shaken  fre- 
quently until  boiling  has  actively  begun,  after  which  the  evaporation  pro- 
ceeds quietly  to  dryness.   The  contents  of  the  tubes  are  left  in  the  bath 
for  a  short  time  (about  fifteen  minutes)  after  the  material  comes  to  dryness 
ensure  the  removal  of  the  last  traces  of  alcohol,  which  would  interfere 
with  the  oxidation.   To  the  contents  of  the  tube  are  added  1.5  cc.  of  equal 
parts  of  concentrated  sulphuric  and  nitric  acids  and  the  whole  is  heated 
over  a  micro  burner,  at  first  gently  with  a  very  low  flame  for  at  least  five 
minutes,  then  with  increasing  heat  until  the  red  fumes  are  driven  off,  and 
finally  the  sulphuric  acid  is  boiled  for  about  ten  minutes. 

The  tube  is  cooled  jslightly,  two  drops  of  a  0.25  per  cent  cane-sugar 
solution  are  added,  and  then  the  solution  is  boiled  for  another  minute, 
after  which  it  is  cooled  and  the  sides  are  rinsed  down  with  about  3  cc.  of 
water.  The  object  of  the  treatment  with  the  cane-sugar  is  to  break  up  a 
partial  combination  of  the  phosphoric  atiid  with  the  nitric  acid  formed 
during  the  digestion  which  docs  not  precipitate  with  the  silver  reagent. 
The  slight  charring  produced  by  the  cane-sugar  should  quickly  disappear 
on  boiling.  If  it  does  not  it  must  be  removed  by  the  addition  of  a  drop  of 
nitric  acid  and  further  boiling. 

After  the  above  treatment  the  solution  in  the  tube  is  neutralized,  and 
then  rendered  faintly  alkaline  to  phenolphthalein,  the  process  being  con- 
veniently accomplished  as  follows:  One  drop  of  0.3  per  cent  phenolphtha- 
lein solution  is  added,  then  20  per  cent  NaOH  (free  from  chlorides)  is  run 


Klein,  W.,  and  Dinkin,  L.,  Zlschr.  f.  physiol.  Chem.,  1914,  xcii,  302. 
11  Bloor,  Jour.  Biol.  Chem.,  1915,  xxii,  133. 
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in  to  alkalinity,  noting  the  amount  added.   The  solution  is  brought  bac^ 
to  acidity  with  f  H1SO4,  then,  after  cooling  to  room  temperature,  render^^ 
just  alkaline  with  t7  NaOH.   1  cc.  of  10  per  cent  (NH4)xS04  and      cc.  ^ 
NaOH  are  added  and  the  solution  is  made  up  to  10  cc.  (indicated  wi  1^ 
sufficient  accuracy  by  a  scratch  on  the  tube).  A  standard  phosphi^-t; 
solution  is  similarly  prepared  as  follows:  3  cc.  of  a  solution  of  acid  pot^us 
simn  phosphate  (containing  0.15  mg.  of  HsPOi)  is  measured  into  a  simLl.ai 
Jena  test-tube;  one  drop  of  phenolphthalein  is  added,  and  then  the  amoiut 
of  20  per  cent  NaOH  that  was  required  to  neutralize  the  sulphuric  acid  0/ 
the  test  solution  is  run  in.   Concentrated  sulphuric  acid  is  added  to  neii- 
tralization,  the  excess  of  sulphuric  acid  removed  by  a  drop  or  two  of  the 
strong  alkalji,  the  solution  cooled,  then  neutralized  as  above.   1  cc.  of  10 
per  cent  (NH4)jS04  and  1.5  ccii^NaOH  are  added  and  the  solution  is  made 
up  to  the  10  cc.  mark  on  the  tube.   Two  samples  of  10  cc.  each  of  1.5  per 
cent  neutral  AgNOi  are  measured  into  25  cc.  glass-stoppered  graduated 
flasks  and  the  standard  and  test  solutions  in  the  test-tubes  are  added 
through  a  funnel  with  the  stem  drawn  out  so  that  the  10  cc.  are  delivered 
in  about  fifteen  seconds.   The  liquid  in  the  flasks  is  gently  rotated  while 
the  phosphate  solution  is  being  run  in,  after  which  the  test-tubes  are  rinsed 
out  with  small  amounts  of  distilled  water,  and  the  rinse  water  is  run  in 
through  the  funnel.   Finally  the  liquid  in  the  flask  is  brought  up  to  the 
mark  by  rinsing  the  funnel  with  distilled  water,  the  whole  well  mixed,  and 
readings  are  made  in  the  nephelometer.   Chlorides  must  of  course  be  rigidly 
excluded  especially  after  the  acid  digestion — accomplished  by  using  chlor- 
ine-free reagents  and  by  the  liberal  use  of  good  distilled  water.  For  the 
comparison  the  two  nephelometer  tubes  after  being  rinsed  with  the  solu- 
tions are  filled  to  the  same  height  and  placed  in  the  nephelometer  with  the 
standard  tube  always  on  the  same  side.   The  movable  jacket  on  the  stand- 
ard tube  is  set  at  a  convenient  point  and  comparisons  are  made  in  the  usual 
way. 

The  experiments  were  as  follows. 

Experiment  /.—Dog  10,  normal,  weight  5  kg.  Fed  30  cc.  of  olive  oil 
and  about  50  gm.  of  lean  meat  at  9.20  a.m.  Blood  samples  taken  before 
and  at  7  and  9  hours  after  feeding. 

Experiment  II. — Dog  14,  normal,  weight  11  kg.  Fed  125  gm.  of  leanin«a* 
and  100  cc.  of  olive  oil.  Blood  samples  taken  before  and  at  6  and  8 
hours  after  feeding.   A  small  amount  of  oil  was  vomited. 

Experiment  III. — Dog  21,  very  thin,  weight  7  kg.  Fed  50  cc.  of  olive 
oil  and  50  cc.  of  water.  Blood  samples  taken  before  and  at  hourly  in*^^" 
vals  for  7  hours. 

Experiment  IV . — Dog  21,  condition  about  the  same  as  in  Experimc"* 
III.  Fed  50  gm.  of  butter.  Blood  samples  before  and  at  hourly  intervals 
for  7  hours. 

Experiment  V. — Dog  21 .   Fed  1  pint  of  cream  (15  per  cent  or  65  gm-  of 
fat).   Blood  samples  taken  before  and  hourly  for  8  hours. 


W.  R.  Bloor 


.323 


Experiment  7/.— Dog  21.  The  animal  had  now  become  fat.  Fed  50  cc. 
Dlive  oil  with  bread.  Blood  samples  taken  before  and  at  hourly  inter- 
s  for  5  hours  after. 

Experiment  777.— Dog  23,  old  female,  normal,  weight  6  kg.  Refused 
olive  oil  and  45  cc.  were  given  by  tube.  The  animal  was  uncomfor- 
le  for  about  2  hours,  vomiting  a  small  amount  of  the  oil,  but  after  that 
aved  normally.  Blood  samples  taken  before  and  hourly  for  7  hours 
jr. 

Experiment  7777.— Dog  23.  Fed  100  gm.  of  lean  meat,  50  gm.  of  beef 
b,  and  30  gm.  of  butter.  Blood  samples  before  and  hourly  for  8  hours 
5r. 

Experiment  7Z.— Dog  23.  Fed  100  gm.  of  butter  and  25  gm.  of  lean  meat, 
od  samples  before  and  at  two  hourly  periods  for  8  hours.  This  time, 
n  Experiment  VII,  the  fat  did  not  seem  to  agree  with  the  dog.  It 
lited  much  of  the  fat  at  the  end  of  the  first  hour  but  ate  it  again, 
aited  again  at  the  second  hour  and  again  at  the  fifth,  losing  in  all  prob- 
/  half  the  fat. 

Experiment  X. — Dog  24,  normal  female,  weight  8.7  kg.,  in  good  con- 
on.  Fed  125  gm.  of  butter  and  25  gm.  of  lean  meat.  Blood  samples 
>re  and  at  hourly  intervals  for  8  hours. 

Experiment  XI. — Dog  24,  this  time  in  poor  condition.  Fed  75  cc.  of 
e  oil  and  25  gm.  of  meat.  Blood  samples  before  and  at  hourly  inter- 
3  for  8  hours. 

The  results  of  the  experiments  are  given  in  the  table. 

SUMMARY  AND  DISCUSSION. 

rte  fatty  acids  show  the  ordinary  increase  of  alimentary 
?mia  but  the  extent  of  increase  varies  considerably  in  different 
mals  and  in  the  same  animal  at  different  periods  even  when  the 
ount  and  kind  of  fat  are  the  same.  Similar  variations  have 
;ti  reported  by  Terroine^^  and  by  Mendel  and  Baumann*'  and 
ther  study  of  the  conditions  controlling  this  phenomenon  is 
lirable.  The  variations  in  cholesterol  are  small  and  irregular 
i  in  several  of  the  experiments  there  is  no  appreciable  change 
oughout  the  period  of  observation.  Cholesterol,  therefore, 
pears  to  take  at  most  a  minor  part  in  the  phenomena  of  fat 
sorption. 

Lecithin  is  found  to  increase  in  all  the  experiments,  the  in- 
cases varying  from  10  to  35  per  cent  with  an  average  of  about  2C 

"  Terroine,  loc,  cii. 

"  Mendel,  L.  B.,  and  Baumann,  E.  J.,  Jour.  Biol.  Chem.,  1915,  xxii,  165. 
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Variations  in  the  Blood  Lipai 
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per  cent.   In  a  general  way  the  incteaaes  dre  parallel  to  those  of  I 
tiie  fatty  ui^ii  Is  but  there  is  no  axaet  pandlelism  and  the  two  are  I 
often  markedly  diETerent,  the  leeithin  jnorease  frequently  cominf  1 
lately  as  in  Experiment  XI,  where  the  kaithin  does  not  begin  to 
iBCi^eaae  until  after  the  maximum  of  fat  increase  has  passed. 
many  c  ases  thm  m  HQ  definite  maximum    the  lecjjQm  t^ui^^i 
the  higher  values  continuing  for  several  hours;  also  these hi^^ 
values  generally  persist  after  the  fatty  acid  maximum  has  pass^- 
Anything  more  than  a  general  relationship  between  the  lecitt*^ 
and  fatty  acid  values  is  perhaps  hardly  to  be  expected  beca«-^^ 
of  the  numerous  factors  controlling  the  entry  into  and  the 
parture  from  the  blood  of  these  two  constituents. 

The  increase  of  lecithin  in  the  blood  during  fat  absorptiorm-  ^ 
interesting  in  view  of  the  growing  acceptance  of  Leathes'"  hypc^^'^' 
esis  that  lecithin  is  a  stage  through  which  the  fats  must 
before  they  can  be  utilized  in  metabolism.    It  is  possible  that  '^^^ 
extni  lecithin  may  represent  that  part  of  the  absorbed  fat  wl»^ 
is  intended  for  immediate  use  and  which  has  been  synthesi 
for  that  purpose  from  the  material  absorbed  from  the  intest^S^^- 

^*  Loathes,  J.  B.,  The  Fats,  London,  1913,  115. 
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ccording  to  Leathes'  hypothesis  also,  the  synthesis  would  take 
ace  in  the  liver;  and  the  old  observations  of  Munk'*  that  there 
an  accumulation  of  fat  droplets  in  the  liver  during  fat  absorp- 
)n  and  the  later  one  of  Leathes^*  that  the  fat  of  the  liver  in- 
cases during  this  process  give  support  to  the  probabiUty  that  the 
--er  has  some  function  in  fat  absorption  other  than  the  secretion  of 
le.  An  objection  to  the  assignment  of  this  function  to  the  Uver 
the  definite  anatomical  arrangement  whereby  apparently  the 
•sorbed  fat  is  made  to  avoid  the  liver.  It  passes  by  way  of  the 
oracic  duct  directly  into  the  general  circulation.  However, 
ly  60  to  70  per  cent  of  the  absorbed  fat  can  be  accounted  for  in 
e  thoracic  duct  and  it  is  quite  possible  that  the  remaining  30 
40  per  cent  is  absorbed  by  the  intestinal  capillaries  and  passes 
rectly  to  the  liver  by  way  of  the  portal  circulation,  thus  provid- 
g  abundant  material  for  the  formation  of  the  lecithin.  The 
nervations  of  d'Errico^^  that,  during  fat  absorption,  the  fat 
ntent  of  the  portal  blood  is  always  higher  than  that  of  the  jugu- 
r,  bear  out  this  assumption. 

On  the  other  hand  the  possibility  cannot  be  excluded  that  the 
testine  may  synthesize  the  lecithin  just  as  it  does  the  fats. 

»Munk,  I.,  Ergchn.  d.  Physiol.,  1902,  i,  322. 

"Leathes,  J.  B.,  and  Meycr-Wedell,  L.,  Jour.  Physiol.,  1900,  xxxviii, 
).  xxxviii-xl. 

"  d'Errico,  G.,  Arch,  di  fi.nol.,  1907,  iv,  513. 
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Analysis  of  the  chyle  for  its  lecithin  content  during  fat  absorp* 

tion  would  probably  give  important  information  on  this  poin  -fc 

but  such  analyses  are  not  at  present  available.  However  if  fat^^ 
and  lecithin  were  formed  simultaneously  in  this  way,  a  clos^^r 
parallelism  between  the  two  in  the  blood  would  be  expected  an__  d 

the  fact  that  very  frequently  the  increases  in  lecithin  come  latf  >r 

and  generally  persist  longer  than  those  of  the  fats  indicates  rath^=r 

that  the  increase  in  fat  in  the  blood  is  the  stimulus  which  stai  te 

the  lecithin  formation  and  that  the  intestine  is  not  the  seat  of  fo  r- 
mation.  Such  an  explanation  would  abo  accoimt  for  the  '^^K. 
poidemia"  mentioned  above.  Increased  fat  in  the  blood,  fro:^^ 
whatever  source,  would  result  in  increased  lecithin  production. 


THE  CONFIGURATION  OF  SOME  OF  THE  HIGHER 
MONOSACCHARIDES. 


By  GEORGE  PEIRCE. 

ifrom  the  James  Buchanan  Brady  Urological  Institute  and  the  Department 
of  Physiological  Chemistry  of  Johns  Hopkins  University^^  Baltimore.) 

(Received  for  publication,  September  21, 1915.) 

In  1890  Emil  Fischer^  prepared  from  d-mannose  a  heptose,  oc- 
tose,  and  nonose.  He  later  prepared  from  d-glucose/  a-  and 
gluco-heptose,*  a  glucooctose  and  a  glucononose,  and  from  d-galac- 
tose,*  Of-  and  jS-galaheptose  and  a  galaoctose.  Of  the  ten  new 
sugars  only  the  mannononose  fermented  with  yeast.  The  con- 
figuration of  mannose  was  not  then  known,  so  naturally  no  at- 
tempt was  made  to  obtain  the  configiu^tion  of  the  nonose.  When 
it  was  found  later  that  the  glucononose  was  not  fermentable,  the 
configurations  of  the  two  nonoses  became  of  great  interest  but  it 
was  not  found  practicable  at  that  time  to  establish  them. 

In  the  present  paper  the  configuration  of  the  a-  and  jS-galahep- 
tose,  the  a-  and  jS-mannoheptose  and  the  a-a-  and  jS-a-mannooc- 
tose  derivatives  is  obtained.  This  leaves  the  configuration  of 
one  of  the  carbon  atoms  of  the  fermentable  mannononose  still 
\inknown.    To  ascertain  this  will  be  a  matter  of  some  little  time. 

The  two  heptites  derived  from  d-mannose  have  the  configura- 

^  A  part  of  this  work  was  done  in  the  Laboratory  of  Pharmacology  of 
Xhe  University  of  Wisconsin,  and  was  reported  at  the  1913  meeting  of  the 
Society  of  Biological  Chemists. 

•  Fischer,  E.,  and  Passmore,  F.,  Ber.  d.  deutsch.  chem.  Gesellsch.,  1890, 
3cxiii,  2226. 

»  Fischer,  E.,  Ann.d.  Chem,,  1892,  cclxx,  64.  Phillipe,  L.H.,  Ann.  de  chim, 
et  de  phys.f  1912,  xxvi,  289,  has  also  prepared  a  glucodecose  and  confirmed 
find  slightly  elaborated  Fischer's  other  results  with  the  higher  glucoses. 

•  The  designations  a  and  are  used  merely  to  distinguish  the  two  series 
of  products  formed  in  each  cyanhydrin  synthesis. 

•  Fischer,  Ann,  d.  Chem.,  1895,  cclxxxviii,  139. 


328     Configuration  of  Higher  Monosaccharides 


tions  represented  by  Formulae  I  and  II,  and  the  two  d-galahe' 
tites  those  represented  by  Formulae  III  and  IV. 

CH2OH             CH,OH             CHjOH  CH,OH 

HCOH          HOCH                HCOH  HOCH 

HOCH             HOCH                HCOH  HCOH 

HOCH             HOCH             HOCH  HOCH 

HCOH             HCOH          HOCH  HOCH 

HCOH             HCOH             HCOH  HCOH 

CH,OH             CHiOH             CHiOH  C  H,0  H 

I                      II                      III  IV 


Formulae  I  and  III  are  optical  antipodes  as  can  be  seen  by  r^^f- 
erence  to  the  models  or  by  rotating  one  of  the  projections  180°  in 
the  plane  of  the  paper. 

The  properties  of  d-a-mannoheptite  and  d-a-galaheptite  a^^re 
known. 

<<-a-Mannoheptit«^  rf-a-Oalahept-  Jte» 

M.  p.  (corrected)   188**  187-188° 

[aYo  (in  saturated  borax  solution)...    4-4.9°  (approximately)  —4.35° 

rf-a-Mannoheptite  and  Z-a-mannoheptite  unite  to  form  a  ra«:=3e- 
mic  compound*  melting  at  203°  (corrected).  I  found  that  d— a- 
mannoheptite  and  Z-a-galaheptite  combine  to  form  a  compou  r»cl 
melting  at  205°  (corrected).  The  two  active  components  conss.  nst 
of  fine  needles  in  both  cases;  the  two  racemic  compounds  are  tal^  Je- 
like  crystals.  From  these  facts  it  seems  beyond  question  threat 
d-a-mannohcptite  is  the  antipode  of  (/-a-galaheptite.  Formulae^  I 
and  III  must  therefore  be  assigned  to  the  a-heptites,  leaving  H 
and  IV  for  the  /3-compounds. 

Cr>^stallized  (/-a-mannoheptaric^  acid  was  also  prepared  for  tri^^he 
first  time  and  found  to  have  the  same  melting  point  as  rf-a-ga— — 1^" 
heptaric  acid  but  the  opposite  rotation.  The  two  acids  are  tbn^^us 
antipodes,  as  was  to  have  been  expected. 


*  Fischer  and  Passmorc,  loc.  r<7.,  2232. 

^  Fischer,  Aim.  d.  Chcm.,  1895,  cclxxxviii,  147. 

8  Smith,  W.  S.,  ibid.,  1892-03,  cclxxii,  189. 

"The  termination  "-aric"  is  proposed  for  the  dibasic  acids  formed 
oxidation  of  the  monoses.   Thus  r/-sacrharic  acid  becomes  d-glucohcxr^- 
acid,  mucic  acid  becomes  gahihexaric  acid,  the  pentahydroxypimelic  ac^-*^^ 
become  heptaric  acids,  etc. 
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On  oxidizing  d-a-a-mannooctonic  acid  lactone  with  nitric  acid 
^  double  lactone  of  the  octaric  acid  crystallized  out.  It  was  so 
i^isoluble  that  it  could  not  be  polarized  directly  but  on  dissolving 

in  an  excess  of  NaOH  and  neutralizing,  the  solution  was  found 
be  absolutely  inactive.  The  two  possible  configurations  for 
the  dibasic  acid  are  these: 


HH 
H  H  O  OH  H 
CO,H  C  C  C  C  C  C  CO,H 
O  O  H  H  O  O 
H  H  HH 
V 


H  H  H 
H  H  C)  O  H  O 
CO2H  C  C  C  C  C  C  COjH 
O  O  HH  O  H 
H  H  H 
VI 


V  is  inactive  and  therefore  represents  the  a-a-mannooctaric  acid, 
Mobile  VI  being  active  represents  the  as  yet  unknown  /3-a-com- 
pound.  Since  there  is  a  slight  chance  that  the  active  acid  will 
have  a  very  slight  rotation  it  will  be  advisable  to  wait  till  the  ff- 
cr-acid  is  prepared  before  accepting  this  configuration  unreservedly. 
The  Na  salt  of  the  a-a-acid  certainly  has  a  specific  rotation  of 
less  than  1°  and  probably  less  than  0.3°,  which  makes  the  chance 
of  its  being  active  very  slight  indeed. 

Owing  to  lack  of  material,  Fischer's  statements  in  regard  to 
the  mannononose  could  not  be  confirmed,  but  no  facts  were  found 
at  variance  with  his  Berichte  article.^® 

By  the  action  of  hydrocyanic  acid  on  mannose  Fischer  obtained 
a  mannoheptonic  acid  in  87  per  cent  yield  with  great  regularity." 
He  used  a  syrupy  mannose, ^'^  while  in  most  of  this  work  the  crys- 
tallized sugar  was  used  and  the  synthesis  carried  out  at  40°  in- 
stead of  18°.  Under  these  conditions  60  to  80  per  cent  of  the 
above  acid  is  obtained,  while  5-6  per  cent  of  a  second  acid  (which 

^®  Fischer  says  in  his  collected  papers  on  the  carbohydrates  (p.  582) 
that  new  observations  are  needed  to  explain  certain  differences  that  he 
found.  It  is  possible  that  he  obtained  the  a-acid  in  one  synthesis  and  the 
/3-acid  in  another. 

Fischer,  E,,  and  Hirschberger,  J.,  Ber.  d.  deutsch.  chem.  Gesellsch.f 
1889,  xxii,  370.  Smith,  Ann.  d.  Chem.,  1892-93,  cclxxii,  182.  Hartmann, 
O.,  ibid.,  1892-93,  cclxxii,  190. 

'2  Crystallized  {/-mannose  was  not  obtained  until  1896  by  van  Eken- 
stein.  Compare  B.  Tollens  in  Abderhalden's  Handb.  der  biochem.  ArbcitS' 
methoden,  1909-10,  ii,  74. 
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I  have  called  the  /S-acid)  can  be  isolated  by  means  of  phenylhy- 
drazine.  The  same  acid  can  also  be  obtained  by  heating  the  o-acid 
with  pyridine.  There  saems  to  be  no  reason  for  doubting  that 
it  is  the  /3-acid.  Fischer's  failure  to  find  it  can  be  explained  either 
by  the  fact  that  practically  none  of  It  was  formed  in  his  synthes^ 
or  by  the  fact  that  it  probably  cannot  be  isolated  when  an  im- 
pure mannose  is  used.  The  phenylhydrazide  of  the  /3-acid  is  the 
only  crystalline  compound  that  could  be  obtained. 

Finally  both  d-/3-mannoheptite  and  d-jS-galaheptite  were  pre- 
pared.  The  first  melted  at  151°,  the  second  at  141-144°,  am.— A 
their  solubilities  are  different.   They  cannot  be  antipodes  of  ea(^=\^ 
other,  nor  can  d-jS-mannoheptite  be  the  antipode  of  d-a-galaheiHB^ 
tite  or  d-jS-galaheptite  of  d-a-mannoheptite.^* 

Preparation  of  a-  and  fi-MannohepUmic  Acid  from  Mannose.^^^^^ 

100  grams  crystaUized  d-mannose  are  dissolved  in  500  cc.  wat*  .^rler 

in  a  glass-stoppered  bottle,  135  cc.  12  per  cent  HCN  and  0.5  1 

cc.  concentrated  ammonia  are  added,  and  the  mixture  is  warmev^  ed 
to  about  35°.   The  solution  then  generally  warms  up  spontan-^oe- 
ously  and  should  be  kept  at  about  40°.   After  J  to  2  hours  sonr^^e 
amide  usually  separates  out.   After  24  to  48  hours  the  solutica^oi^ 
is  boiled  with  2  to  4  Uters  of  water^*  and  160  grams  of  crystallize-^ 
barium  hydroxide  until  no  more  ammonia  is  given  off.  Tl«=^^ 
takes  from  3  to  6  hours  and  water  must  be  added  from  time  ^ 
time  to  replace  that  lost  by  evaporation.   The  excess  of  bariun— 
is  precipitated  with  COj,  water  added  if  necessary,  and 
boiling  solution  filtered  by  suction.   After  decolorization  with  aBC:=*^" 
mal  charcoal  the  solution  is  evaporated,  at  first  over  a  free  flam^^^^^' 
until  crystallization  begins.    On  cooling,  the  barium  salt  of  tl^-^^^ 
o-acid  is  deposited  in  indistinctly  crystalline  spheres.    The  sa^^ 
is  filtered  off  by  suction  and  washed  with  water.   A  second  crcr^^^^P 
of  crystals  can  be  obtained,  but  it  is  not  advisable  to  carry  tbC^ 
evaporation  too  far.    The  barium  in  the  second  mother  liqu^-^^^^ 

"  Further  experimental  details  will  be  published  on  these  two  heptit;^  -•^^ 

and  on  diS-mannoheptose  later. 

"  Compare  Fischer  and  Hirschberger,  loc.  cit. 

"  Cheap  enamelled  kettles  which  can  be  discarded  when  eaten  throuf 
have  been  found  very  convenient  for  this. 
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5  precipitated  with  exactly  the  necessary  amount  of  sulphuric 
.cid,  the  barium  sulphate  filtered  ofif,  and  the  diluted  filtrate 
K>iled  with  cadmium  carbonate  and  cadmium  hydroxide  till  neu- 
ral. (COi  can  be  passed  in  if  the  solution  becomes  alkaline.) 
Lfter  filtration  the  a-cadmium  heptonate  is  separated  as  com- 
►letely  as  possible  by  crystallization  and  the  cadmium  removed 
rom  the  final  filtrate  with  H2S.  The  solution  is  heated  in  the 
rater  bath  with  an  excess  of  phenylhydrazine  for  two  hours  and 
vaporated  on  the  water  bath  till  the  residue  is  nearly  dry.  Use 
f  an  electric  fan  at  first  and  frequent  stirring  at  the  end  ensures 
slightly  purer  product.  The  residue  is  rubbed  up  several  times 
dth  ether  to  remove  the  excess  of  phenylhydrazine.  After  re- 
loval  of  the  ether  by  gentle  heating,  the  mass  is  placed  in  a  coni- 
al  beaker,  covered  with  absolute  alcohol,  and  boiled  to  dissolve 
ny  formylhydrazide  present.  After  cooling,  the  alcohol  is  filtered 
ff  and  the  product,  which  now  consists  of  nearly  pure  /3-phenyl- 
ydrazide,  crystallized  out  of  ten  to  fifteen  parts  of  70  per  cent 
Icohol.  The  yield  of  a-acid  varied  from  60  to  80  per  cent,  the 
ield  of  /S-acid  was  about  5  per  cent.  The  air  dried  substance 
ontained  no  water  of  crystallization. 


0.2302  gm.  of  substance  gave  0.4184  gm.  COj  and  0.1389  gm.  H2O. 


The  substance  crystallizes  out  of  70  per  cent  alcohol  in  rosettes 
►f  colorless  needles.  It  is  soluble  in  about  twelve  parts  of  cold 
7ater  and  fifteen  parts  of  boiling  70  per  cent  alcohol,  insoluble  in 
absolute  alcohol,  ether,  and  acetone.  It  melts  at  190°  (uncor- 
ected). 

Rotation. — The  crude  product  was  twice  recrystallized  out  of  70  per 
ent  alcohol  and  dissolved  in  warm  water. 


d'fi'Mannohepionic  Add  Phenylhydrazide, 


C. 
H 


Calculated  for 
CwHtoNiOT  (316.16): 

49.34 

6.38 


Found: 
49.57 
6.75 


-2.26°  X  32.193 
2  X  1.3888  X  1.014 


=  -25.8* 
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The  acid  was  prepared  in  the  usual  way  from  the  phenylhydM:=r&- 

zide.    Neither  it  nor  the  lactone  could  be  obtained  in  the  ciy^t  aV 

line  form.  It  is  easily  soluble  in  water,  difficultly  soluble  in  ab.  ->o 
lute  alcohol,  insoluble  in  ether. 


Preparation  of  the  P-Acidfrom  the  a- Add  by  Heating  with  Pyridisi  ne. 

5  grams  d-a-mannoheptonic  acid  lactone,  25  cc.  water,  anc 
cc.  pyridine  were  heated  in  a  sealed  tube  for  four  hours  at  IJ 
142°.  Slight  browning  occurred.  The  pyridine  was  driven  off 
boiling  with  5  grams  of  barium  hydroxide  and  the  two  acids  we 
separated  by  the  process  detailed  above.  There  was  thus 
tained  about  50  per  cent  of  the  unchanged  a-acid  and  10  to 
per  cent  of  the  /S-acid.  The  /3-phenylhydrazide  melted  at  IF  ^0° 
and  resembled  in  appearance,  crj'^tal  form,  and  solubility  t- .  —he 
product  obtained  directly  from  mannose.  On  mixing  the  t"^  ^vo 
products  there  was  no  depression  of  the  melting  point. 

Analysis. — The  air  dried  substance  lost  0.5  per  cent  on  drying  in  vacu^^  u"^ 
at  IOC  over  PjOi.  0.1810  j?m.  of  substance  gave  0.3269  gm.  COj  and  0.1(^^081 
gm.  H2O.  0.1538  gm.  of  substance  gave  13.0  cc.  Xj  at  744  mm.  and  25°  "  ver 
33  per  cent  KOH. 

Calcu'ate  1  for 
C.jHjoNiOi:  Found: 

C   49.34  49.26 

H   6.38  6.68 

N   8.80  9.25 

The  jc^-acid  can  also  be  converted  into  the  a-acid.    5  grams  ^ 
pure  ^/-/3-phenylhydrazide  were  converted  into  the  free  acid  qMT  -i^^^ 
the  solution  was  heated  with  5  cc.  of  pjTidine  for  three  hours 
137-142°  in  an  autoclave.    5  grams  of  barium  hydroxide  wer^^^^^^ 
added  and  the  p\Tidinc  was  expelled  by  boiling.    COj  was  pass^ 
in  till  the  solution  was  neutral.    The  boiling  solution  was  filter^^ 
and  concentrated.    1.7  grams  of  the  barium  salt  of  a-mannohe^'^'^^^P' 
tonic  acid  cr>'stallized  out.    This  was  identified  by  its  rath.^^^'' 
characteristic  crj'stal  form  and  by  the  crystal  form  and  melti«r 
point  of  the  phenylhydrazide. 
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Preparation  of  d-P-Mannoheptose, 

The  free  d-/S-mannoheptonic  acid  was  heated  in  a  vacuum  for 
several  hours  at  100°  in  order  to  convert  it  as  fully  as  possible 
nto  the  lactone.  It  was  then  dissolved  in  ten  parts  of  water, 
'ooled  to  freezing,  and  reduced  by  shaking  with  2.5  per  cent 
(odium  amalgam,  adding  H2SO4  every  minute  or  so  as  the  reaction 
ipproached  the  neutral  point.  The  amalgam  was  added  in  three 
ots,  four  to  five  times  the  weight  of  lactone  being  added  each 
ime,  and  the  reaction  was  stopped  when  hydrogen  began  to  be 
^ven  off  freely.  The  solution  then  reduced  about  nine  times  its 
''oliuiie  of  mixed  Fehling's.  The  mercury  was  filtered  off  and 
tn  excess  of  sodium  hydroxide  added.  After  one-half  hour  the 
olution  was  neutralized  with  sulphuric  acid  and  evaporated  till 
crystallization  began.  It  was  then  poured  into  twelve  volumes 
)f  boiling  95  per  cent  alcohol.  After  cooling,  the  salts  were 
iltered  oflF,  dried,  dissolved  in  water,  and  reprecipitated.  The 
dcoholic  solutions  were  united  and  evaporated  to  a  syrup.  It 
jould  not  be  crystallized.  No  crystalHzed  phenylhydrazone  or 
^arabromphenylhydrazone  could  be  obtained.  The  osazone 
NSiS  formed  by  heating  with  sodium  acetate  and  an  excess  of 
phenylhydrazine.  It  was  recrystallized  out  of  absolute  alcohol 
md  melted  at  210°.  A  specimen  of  d-a-mannoheptosazone 
nelted  at  205°.  No  further  attempt  was  made  to  identify  the 
osazone. 

Paranitrophenylhydrazone  of  d-fi-Mannoheptose, 

The  sugar  content  of  the  syrup  was  roughly  estimated  by  re- 
duction of  Fehling^s  and  it  was  then  boiled  with  an  equal  weight 
rf  paranitrophenylhydrazine  in  ten  parts  of  50  per  cent  alcohol 
mder  a  reflux.  At  the  end  of  one  hour  a  great  deal  of  paranitro- 
phenylhydrazine was  still  present  so  the  boiling  was  continued 
'or  two  hours  and  the  solution  allowed  to  stand  thirty-six  hours, 
rhe  product  crystallized  out  slowly  in  structureless  balls.  Yield: 
ibout  130  per  cent  of  the  sugar.  It  was  boiled  out  with  four 
parts  of  benzene  and  crystallized  out  of  water. 

For  analysis  it  was  recr^'^tallized  out  of  water  till  only  traces  of 
paranitrophenylhydrazine  were  left  in  the  mother  liquor. 
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The  substance  dried  over  night  over  HjS04  lost  only  a  trc^^ 
of  water  on  heating  to  76°  in  vacuum  over  PjOs. 

0.1582  gm.  of  substance  gave  0.2615  gm.  CO,  and  0.0878  gm.  HjO. 
0.1739  gm.  of  substance  gave  19.8  cc.  Nj  at  27"  and  759  mm.  over  33  ^5^^ 
cent  KOH. 

Calculated  for 
CuHuNsOt  (345.15) :  Found: 

C   45.20  45.08 

H   5.55  6.21 

N   12.18  12.58 

The  substance  softens  at  190°,  melts  at  198°,  and  decompo^»^ 
at  203°.    It  crystallizes  out  of  water  in  rosettes  of  yellow 
orange  needles.   It  can  also  be  crystallized  out  of  95  per  ce==^s^^ 
alcohol  but  is  almost  insoluble  in  ether  and  benzene. 

d-P-Mannoheptose . 

The  paranitrophenylhydrazone  was  boiled  for  fifteen  minut^^:^^ 
in  fifteen  times  its  weight  of  water  with  an  excess  of  benzaldehydfc^^^* 
It  was  cooled,  filtered,  extracted  with  ether  three  or  four  time^^ 
boiled  with  a  little  charcoal,  and  evaporated  to  a  syrup.  Th^ 
sugar  crystallized  out  on  cooling  and  rubbing  with  a  little  alcohc::^ 
The  yield  was  about  70  per  cent  of  the  theory,  in  reality  probabC^^^^ 
nearly  quantitative.    The  sugar  can  be  recrystallized  out  <^ 
about  half  its  weight  of  water  but  the  mother  liquor  is  very  sjmip^:^ 
and  as  it  was  desired  to  obtain  all  the  heptite  possible  the  heptoi^^^^ 
was  not  purified.   It  is  easily  soluble  in  95  per  cent  alcohol  an-^^*^ 
moderately  soluble  even  in  cold  absolute  alcohol  but  no  concdc:^^^' 
tration  of  alcohol  could  be  found  from  which  it  would  ciystallia^-^-^^ 
satisfactorily. 

d'P'M annoheptite. 

3  grams  of  crude  heptose  were  reduced  by  shaking  with  sodiuidK^-^-^^ 
amalgam  in  10  per  cent  solution.  The  solution  was  neutralize*^^^^^^ 
three  times  an  hour  with  sulphuric  acid.  160  grams  of  amalgair^-^^P^ 
and  20  cc.  5  n  H2SO4  were  used  and  the  reduction  was  complete  iti  ^  ^ 
five  hours.    The  solution  was  neutralized,  filtered,  evaporated  -  ^ 

about  40  cc.  and  poured  into  500  cc.  of  95  per  cent  alcohol.  ThMrS-^^^ 
sodium  sulphate  was  filtered  off,  dried,  dissolved  in  water,  an-^^^-^" 
reprecipitated.    The  alcoholic  solutions  were  united  and  evapc^^^ 
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rated  to  a  syrup.  The  heptite  crystallized  easily  in  rosettes  of 
needles.  The  entire  quantity  was  taken  up  in  95  per  cent  alco- 
hol, filtered  hot,  and  evaporated  to  a  small  volume.  1.7  grams 
crj^stallized  out.  0.5  gram  was  obtained  from  the  mother  liquor. 
Both  lots  were  united  and  recrystallized  out  of  80  per  cent  alco- 
hol and  then  out  of  one  part  of  water.  This  was  used  for  polari- 
zation. The  heptite  crystallizes  in  thick  needles  and  rosettes 
of  needles  out  of  80  per  cent  alcohol  and  water.  The  air  dried 
substance  does  not  lose  weight  when  heated  to  76"*  in  vacuum 
over  P2O6.  It  softens  at  150-153'*  and  melts  to  a  clear  liquid 
at  217°  (uncorrected). 

Analysis. — The  sample  analyzed  contained  no  water  of  crystallization 
but  contained  0.5  per  cent  ash.  0.1427  gm.  ash  free  substance  gave  0.2049 
gm.  COj  and  0.0998  gm.  HoO. 

OaletilAied  for 
C7Hi«07  (212.13):  Found 

C   39.60  39.20 

H   7.64  7.83 

.     +0.235  X  8.4833 
^''J"       1.037X0.8462  "^^'^^ 


d'P'Galaheptite. 

Crude  d-jS-galaheptose**  was  reduced  in  10  per  cent  solution 
with  2.5  per  cent  sodium  amalgam.  The  solution  was  kept 
acid  at  first  so  that  long  shaking  and  much  amalgam  were  neces- 
sary. If  reduced  in  the  usual  way  in  slightly  alkaline  solution 
probably  fifty  times  its  weight  of  amalgam  and  8  to  12  hours' 
shaking  would  have  been  sufficient.  The  solution  was  filtered 
from  the  mercury,  evaporated  to  crystallization,  and  poured 
into  ten  volumes  of  95  per  cent  alcohol.  The  salts  were  filtered 
off,  dried,  dissolved  in  water,  and  the  precipitation  was  repeated. 
The  alcoholic  solutions  were  united  and  evaporated  to  a  syrup 
which  crystallized  on  covering  with  absolute  alcohol  and  rubbing. 
It  was  dissolved  in  a  small  quantity  of  water  and  hot  alcohol 
added  till  cloudy.  On  cooling  it  crystallized  out  in  rosettes  of 
needles.  This  was  repeated  and  the  substance  then  recrj'-stal- 
lized  twice  out  of  70  per  cent  alcohol.    Yield:  about  30  per  cent. 

Fischer,  Ann.  d.  Chem.,  1895,  cclxxxviii,  154. 
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The  loss  was  due  to  the  long  purification.  It  would  have  be — ^ 
advisable  to  start  with  the  pure  heptose  as  this  is  easily  purifi«eA- 

The  air  dried  substance  did  not  lose  in  weight  on  heating 
76°  in  vacuum  over  P2O6. 

0.1137  gm.  of  substance  gave  0.1641  gm.  COi  and  0.0796  gm.  HiO. 

OalcuUted  for 

C7Hi«07(.lJ.13):  Found; 

C   39.60  39.36 

H   7.64  7.83 

It  crystallizes  out  of  water  and  70  per  cent  alcohol  in  needL  -KJles 
and  rosettes  of  needles.  It  is  difficultly  soluble  in  absolute  alcz^  Ico- 
hol.  It  softens  at  138°  and  melts  at  141-144°.  The  melt  dozz^  oes 
not  become  entirely  clear  until  the  temperature  190°  is  reache^^^ed. 
Owing  to  the  small  quantity  of  material  available  its  rotation  w-^^^vas 
not  obtained. 

d-a-Mannoheptaric  Acid. 

The  calcium  salt  was  prepared  and  purified  according  to 
Fischer's  directions.^^  The  twice  recrystallized  salt  was  cFz^  de- 
composed with  an  equivalent  amount  of  oxalic  acid,  neutralize  ^Kzed 
with  KOH,  and  evaporated  to  a  syrup.  On  adding  a  little  ace#"^?stic 
acid  and  rubbing,  the  acid  potassium  salt  crystallized  out.  Kiii^^li- 
ani's*®  directions  for  rf-a-galaheptaric  acid  were  followed  in  coc^ -di- 
verting this  into  the  free  acid.  It  melted  at  168°  (corrected^ -sd). 
Kiliani  gives  169°  for  d-a-galaheptaric  acid. 

Rotation. — Immediately  after  ■olution  a  =  about  —0.7®. 

18  hours  later  [<xYo  =  "^'^^^^'^^^  =  -  16.5*» 

1.02  X  0.3012 

—  1  23  y  4  473 

48  hours  after  solution  [aV^  ■ — — —  =  -  17.9® 

^  ^         1.02  X  0.3012 

The  rotation  did  not  change  after  this. 

Fischer  found  a  final  rotation  of  [a]"  =  +  15.08°  for  d — ^-a- 
galaheptaric  acid^^  but  docs  not  say  how  long  he  allowed  the  soIT  ^)Iu- 
tion  to  stand. 


Hartmann,  loc.  cit.^  194. 
^»  Kiliani,  H.,  Bcr.  d.  deuisch.  chcvi.  Gesdlsch.,  1889,  xxii,  522. 
Fischer,  .4?/^^.  d.  Chem.,  1895,  cclxxxviii,  155. 
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I  also  found  that  the  acid  potassium  and  the  cadmium  salts 
of  (/-a-mannoheptaric  acid  were  similar  to  the  corresponding  salts 
of  (i-a-galaheptaric  acid  as  described  by  Kiliani.^*  There  does 
not  seem  to  be  any  doubt  that  the  two  acids  are  antipodes. 


5  grams  of  pure  d-a-a-mannooctonic  acid  lactone*®  were  heated 
with  7.5  cc.  of  HNOs,  specific  gravity  1.2,  at  50°  in  a  flask  with 
air  condenser.  Crystals  appeared  in  the  solution  in  about  three 
hours.  After  twenty-four  hours  these  were  filtered  oflF  and 
washed  with  a  little  water.  Yield:  1.35  grams.  They  were  re- 
crystallized  out  of  15-20  cc.  water.  Yield:  1.06  grams.  They 
were  dried  to  constant  weight  over  H2SO4  in  a  vacuum  desiccator. 

0.1827  gm.  of  substance  gives  0.2752  gm.  CO2  and  0.0726  gm.  H,0. 


The  substance  crystallizes  out  of  saturated  aqueous  solution 
in  colorless  prisms,  out  of  more  dilute  solution  in  hexagonal 
plates.  The  solution  is  neutral.  It  browns  at  about  250°  and 
decomposes  at  289°  without  melting. 

0.2574  gram  of  substance  was  dissolved  in  4.30  cc.  n  NaOH. 
After  four  hours  a  trace  of  phenolphthalein  was  added  and  it 
was  found  that  2.05  cc.  n  HCl  were  required  to  neutralize  the 
solution.  Since  the  0.0011  gram  molecule  of  lactone  used  re- 
quired 0.00225  gram  molecule  of  NaOH  for  neutraUzation,  the 
substance  is  shown  to  be  the  double  lactone  of  a  dibasic  acid. 
It  reduces  Fehling's  solution  strongly,  but  this  does  not  neces- 
sarily indicate  an  aldehyde  or  ketone  group,  for  the  lactones  of 
the  sugar  acids  are  known  to  have  similar  reducing  properties. 
One  of  the  best  instances  is  the  double  lactone  of  mannosaccharic 
acid. 

The  final  concentration  of  the  solution  was  about  3.6  per  cent. 
It  showed  no  rotation  in  a  1  dm.  tube  under  conditions  where  a 
rotation  of  0.02°  would  have  been  perceived. 

*®  Fischer  and  Passmore,  loc.  cit.,  2234. 


Double  Lactone  of  d-a-a-Mannoodaric  Add, 


C. 
H 


Calculated  for 
CaHioOt  (234.06): 

41.01 

4.31 


Found: 
41.08 
4.45 
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RELATIVE  TO  THE  TOTAL  NITROGEN  AND  a-AMINO 
NITROGEN  CONTENT  OF  PEPSINS  OF 
DIFFERENT  STRENGTHS. 

prelim  inart  communication. 

By  T.  B.  ALDRICH. 
(From  the  Research  Laboratory  of  Parke,  Davis  and  Company ,  Detroit.) 

(Received  for  publication,  September  27,  1915.) 

About  a  year  ago,  I  secured  a  number  of  pepsins^  of  various 
strengths  from  our  Digestive  Ferment  Department,  for  the  pur- 
pose of  determining  what,  if  any,  relation  exists  between  the  total 
nitrogen,  the  a-amino  nitrogen,  and  the  strength  of  the  pepsins, 
for  it  was  thought  that  this  investigation  might  throw  some  light 
on  the  nature  of  pepsin  in  particular  and  of  enzymes  in  general. 

According  to  the  pharmacopoeial  tests  the  strength  of  the 
pepsins  employed  ran  all  the  way  from  1 :  6,000  to  1 : 15,000  in  pro- 
teolytic activity;  that  is,  they  showed  a  wide  variation  in  activity 
^d  should  show  some  differences  along  the  lines  indicated. 

The  total  nitrogen  was  determined  by  the  official  Gunning 
method.*  Two  blanks  were  made  first  with  saccharose  using  the 
same  reagents  and  in  the  same  quantities  used  with  the  pepsin. 
Distillation  and  digestion  were  carried  on  for  the  same  length  of 
time  in  both  cases. 

The  a-amino  nitrogen  was  determined  according  to  the  method 
of  Van  Slyke,*  using  the  larger  apparatus.  A  4  per  cent  solution 
of  the  pepsin  was  carefully  prepared  and  5  cc.  of  the  solution 
(200  mg.  of  pepsin)  were  taken  in  most  instances  for  each  deter- 
mination. Two  determinations  were  always  carried  out,  some- 
"times  three  or  four. 

*  The  pepsins  were  furnished  me  by  Mr.  Harvey  Mcrker,  head  of  the 
I^igestive  Ferment  Department,  and  I  wish  to  thank  him  heartily  for  the 
same. 

*  U.  S.  Dept.  of  Agriculture,  Bull.  108,  1912,  7. 

»  Van  Slyke,  D.  D.,  Jour.  Biol.  Chem.,  1912,  xii,  275. 
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Table  I  gives  the  results  of  the  total  nitrogen  determinatici^T^^'^ 
Table  II  those  of  the  a-amino  nitrogen;  while  Table  III  gives  the 
average  percentages  of  total  nitrogen  and  a-amino  nitrogen  in  the 
seven  samples  employed. 

From  the  table  and  curve,  it  is  seen  that  there  is  a  gradual  de- 
crease in  the  percentage  of  a-amino  nitrogen  in  the  samples  in  the 
order  of  their  strength.    It  would  seem  as  though  the  met^Miod 
used  in  the  purification  of  the  pepsins  gradually  eliminates  the 
simpler  a-amino  nitrogen  compounds,  and  consequently  cau^wes 
an  accumulation  of  more  complex  bodies  in  the  stronger  pepsT^ns. 
Taking  it  for  granted  that  with  the  still  higher  pepsins  the  recr^ 
nizable  a-amino  nitrogen  content  will  be  further  decreased,  we 
would  finally  by  sufficient  purification  obtain  a  pepsin  hav^ing 
very  little  detectable  a-amino  nitrogen  or  an  amount  approxi- 
mating that  in  the  native  protein,  from  which  we  could  infer  tiriiat 
the  pepsins  are  of  a  more  complex  structure  than  the  simp^l^^ 

TABLE  I. 


Total  Nitrogen  in  the  Pepsins. 


Pepain  uaed. 

Amount  of  pepsin. 

Acid  used. 

Nitrogen  obtained. 

Nitrogen. 

No.  74  f 
1:6,000  \ 

gm. 
1.041 
1.095 

cc. 

107.8 
113.2 

gm. 
0.151 
0.159 

percent 

14.55 

14.57  

A.P.B. 
1:7,000 

1.065 
1.035 
1.124 
1.530 

112.0 
108.5 
117.4 
121.0 

0.157 
0.152 
0.165 
0.170 

14.72 
14.68 
14.64 
14.70 

No.  79  / 
1:8,000  \ 

1.087 
1.064 

111.6 
108.7 

0.156 
0.152 

14.39 

14.30   

No.  00  ■  ^ 
1:8,500 

0.997 
1.026 
1.010 
1.082 

100.9 
102.4 
101.5 
109.2 

0.141 
0.143 
0.142 
0.153 

14.20 
13.98 
14.08 
14.10 

No.  1  f 
1:  10,000  1 

1.042 
0.995 

105.2 
100.5 

0.147 
0.141 

14.14 

14.15   

No.  76  f 
1: 11,500  1 

1.014 
0.975 

109.0 
103.4 

0.153 
0.145 

15.06 

14.85  ^ 

No.  78  f 
1:  15,000  \ 

1.008 
1.006 

107.7 
106.9 

0.151 
0.151 

14.98 
14.90 
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TABLE  II. 


a-Amino  Nitrogen  in  the  Pepsins. 


used. 

Amount 
taken. 

Nitrogen. 

Tempera- 
ture. 

Barome- 
ter. 

Nitrogen  found. 

Average. 

74  1 
000  1 

mg. 

200 

200 

200 
160 

ec. 

13.3 
12.4 
14.2 
11.0 

*C. 

25 
25 
26 
26 

mm. 
748 
748 
748 
748 

percent 

3.63 
3.39 
3.86 
3.73 

mg. 

6.77 
7.71 
5.97 

per  cent 
^  3.65 

000  \ 

200 
200 

13.5 
13.5 

30.5 
30.5 

744 
744 

3.55 
3.55 

7.11 
7.11 

1  3.55 

79 
000 

200 
200 
200 
160 

12.5 
12.6 
12.9 
10.3 

25 
27 
27 
28 

744 
744 
744 
744 

3.39 
3.33 
3.46 
3.45 

6.79 
6.77 
6.93 
5.53 

>  3  .40 

00  j 
500  I 

200 
200 
200 

11.8 
11.6 
11.3 

28 
28 
28 

744 
744 
744 

3.14 
3.09 
3.01 

6.28 
6.18 
6.01 

|3.08 

I 

),000 

200 
200 
160 

10.8 
12.1 
8.6 

27 
28 
29 

747 
747 
746 

2.9 
3.2 
2.86 

5.82 
6.48 
4.58 

1  2.98 

.76  r 

,500  \ 

200 
200 

8.5 
8.6 

27 

27.5 

748 
748 

2.3 
2.4 

4.59 
4.63 

1  2.35 

.78  1 
>,000  ] 

200 
200 
200 

7.7 
7.9 
7.5 

26 
26 
25 

742 
742 
742 

2.06 
2.12 
2.00 

4.13 
4.24 
4.01 

1 

1  2.06 

TABLE  III. 


No. 

Strength  of  pepain. 

a- Amino  nitrogen. 

Total  nitrogen. 

per  rent 

per  cent 

74 

1:6,000 

3.65 

14.56 

P.  B. 

1:  7,000 

3.55 

14.69 

79 

1:8,000 

3.40 

14.35 

00 

1:8,500 

3.08 

14.09 

1 

1: 10,000 

2.98 

14.15 

76 

1:  11,500 

2.35 

14.96 

78 

1 : 15,000 

2.06 

14.94 
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Table  I  gives  the  results  of  the  total  nitrogen  determinations; 
Table  II  those  of  the  a-amino  nitrogen;  while  Table  III  gives  the 
average  percentages  of  total  nitrogen  and  a-amino  nitrogen  in  the 
seven  samples  employed. 

From  the  table  and  curve,  it  is  seen  that  there  is  a  gradual  de- 
crease in  the  percentage  of  a-amino  nitrogen  in  the  samples  in  the 
order  of  their  strength.    It  would  seem  as  though  the  method 
used  in  the  purification  of  the  pepsins  gradually  eliminates  the^ 
simpler  a-amino  nitrogen  compounds,  and  consequently  cause:^ 
an  accumulation  of  more  complex  bodies  in  the  stronger  pepsin^^^ 

Taking  it  for  granted  that  with  the  still  higher  pepsins  the  reco^  

nizable  a-amino  nitrogen  content  will  be  further  decreased,  '^m 
would  finally  by  sufficient  purification  obtain  a  pepsin  haiir-^ 
very  little  detectable  a-amino  nitrogen  or  an  amount  appror: « 
mating  that  in  the  native  protein,  from  which  we  could  infer  th^r^ 
the  pepsins  are  of  a  more  complex  structure  than  the  simpi 


TABLE  I. 
Total  Nitrogen  in  the  Pepsins. 


Pepsin  used. 


No.  74  I 
1:6,000  1 


A.P.B. 
1 :  7,000 


No.  79 
1:8,000 


No.  00 
1 :  8,500 


No.  1 
1:  10,000 


No.  76 
1:  11,500 


No.  78 
1:  15,000 


Amount  of  pepsin. 


gm. 
1.041 
1.095 


1.065 
1.035 
1.124 
1.530 


1.087 
1.064 


0.997 
1.026 
1.010 
1.082 


1.042 
0.995 


1.014 
0.975 


1.008 
1.006 


Acid  used. 


107.8 
113.2 


112.0 
108.5 
117.4 
121.0 


111.6 
108.7 


100.9 
102.4 
101.5 
109.2 


105.2 
100.5 


109.0 
103.4 


107.7 
106.9 


Nitrogen  obtained 


gm. 
0.151 
0.159 


0.157 
0.152 
0.165 
0.170 


0.156 
0.152 


0.141 
0.143 
0.142 
0.153 


0.147 
0.141 


0.153 
0.145 


0.151 
0.151 


Nitrogen. 


p<r  cent 

14.55 
14.57 


14.72 
14.68 
14.64 
14.70 


14.39 
14.30 


14.20 
13.98 
14.08 
14.10 


14.14 
14.15 


15.06 
14.85 


14.98 
14.90 
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TABLE  II. 


a-Amino  Nitrogen  in  the  Pepsins. 


Pepsin  uaed. 

Amount 
taken. 

Nitrogen. 

Tempwa- 
ture. 

Barome- 
ter. 

Nitrogen  found. 

Average. 

mg. 

cc. 

•c. 

mm. 

percent 

mg. 

per  cent 

200 

13.3 

25 

748 

3.63 

7.26 

No.  74 

200 

12.4 

25 

748 

3.39 

6.77 

3.65 

1:6,000 

200 

14.2 

26 

748 

3.86 

7.71 

160 

11.0 

26 

748 

3.73 

5.97 

A.  P.  B.  1 

200 

13.5 

30.5 

744 

3.55 

7.11 

1  3.55 

1:7,000  1 

200 

13.5 

30.5 

744 

3.55 

7.11 

200 

12.5 

25 

744 

3.39 

6.79 

No.  79 

200 

12.6 

27 

744 

3.33 

6.77 

>  3.40 

1:8,000 

200 

12.9 

27 

744 

3.46 

6.93 

160 

10.3 

28 

744 

3.45 

5.53 

No.  00 
1:8,500 

200 

11.8 

28 

744 

3.14 

6.28 

200 

11.6 

28 

744 

3.09 

6.18 

3.08 

200 

11.3 

28 

744 

3.01 

6.01 

No.  1  1 
1:  10,000  1 

200 

10.8 

27 

747 

2.9 

5.82 

200 

12.1 

28 

747 

3.2 

6.48 

2.98 

160 

8.6 

29 

746 

2.86 

4.58 

No.  76  1 

r 

200 

8.5 

27 

748 

2.3 

4.59 

1  2.35 

1:  11,500  1 

200 

8.6 

27.5 

748 

2.4 

4.63 

No.  78  1 
1:  15,000  1 

200 
200 

7.7 
7.9 

26 
26 

742 
742 

2.06 
2.12 

4.13 
4.24 

1 

2.06 

200 

7.5 

25 

742 

2.00 

4.01 

TABLE  IIL 


No. 

Strength  of  pepsin. 

a- Amino  nitrogen. 

Total  nitrogen. 

per  cent 

per  cent 

74 

1:6,000 

3.65 

14.56 

A.  P.  B. 

1:  7,000 

3.55 

14.69 

79 

1:8,000 

3.40 

14.35 

00 

1:8,500 

3.08 

14.09 

1 

1:  10,000 

2.98 

14.15 

76 

1:  11,500 

2.35 

14.96 

78 

1 :  15,000 

2.06 

14.94 

342 


Nitrogen  Content  of  Pepsins 


1:6^00  1:7000  i^apoo  i:gooo  iiqpoo  iiipootiijpootuspoon^ias^  ^^ 
•Strength  of  Pepsins. 

Fig.  1.  The  curve  obtained,  with  the  strength  of  the  pepsins  marm:  m:^  ^ark 
along  the  abscissa  at  proportional  intervals,  and  the  percentages* '^^'^^s 
a-amino  nitrogen  marked  along  the  ordinate. 

a-amino  nitrogen  compounds — ^that  is,  they  approach  the  natS'-^^iVe 
proteins  in  complexity,  where,  according  to  Fischer's  pept^^^^cfe 
theory  of  protein  structure,  they  react  with  only  a  trace  of  ilz^^beir 
nitrogen,  nearly  all  of  the  latter  being  bound  in  the  peptide  -^^i- 
ings  of  the  protein  molecule.    In  general  the  smaller  the  mc^^'^ 
cules,  the  greater  the  proportion  of  free  amino  nitrogen,  as  h^^as 
been  indicated  by  the  results  with  the  peptides. 

The  higher  pepsins  having  a  strength  of  1 : 8,500  to  1 : 15,(]^^^ 
contain  from  3.08  to  2.06  per  cent  of  a-amino  nitrogen,  equal 
13  to  20  per  cent  of  the  total  nitrogen,  which  compares  with  t  ^^^^ 
a-amino  nitrogen  obtained  by  Van  Slyke*  for  deutero-albumo^^^* 
The  pepsins  may  therefore  have  been  either  mixtures  of  nati"^  ^  , 
proteins  and  their  hydrolytic  products,  or  may  have  consist^^^^ 
entirely  of  such  products  of  partial  hydrolysis  as  the  low — 
albumoses.  , 

While  the  percentage  of  a-amino  nitrogen  shows  a  consta-:^^^^^^-^^ 
though  slight  decrease  with  increased  activity  the  percentage 


*  Van  Slyke,  Jour.  Biol.  Chem.,  1911,  ix,  194. 
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iotal  nitrogen  in  the  samples  shows  very  little  variation,  14.14 
to  14.94  per  cent. 

It  it  also  interesting  to  note  the  following  relative  to  the  ni- 
trogen content  of  so  called  pure  pepsins  obtained  from  different 
sources  and  by  different  methods  and  authors: 


percgrU 

Schoumow-Simanowsky*   14.55-15.00 

Pekelharing«   14 . 13-14 . 76 

Nencki  and  Sieber^   14.33 

Bidder  and  Schmidt*   17.80 

Chapoteaut»   15.4 


*  Schoumow-Simanowsky,  E.  O.,  Arch,  f,  exper.  Path,  u,  PharmakoL, 
1894,  xxxiii,  336. 

«  Pekelharing,  C.  A.,  Ztschr.  /.  physiol,  Chem,,  1902,  xxxv,  8. 
'  Nencki,  M.,  and  Sieber,  N.,  ibid.,  1901,  xxxii,  291. 

*  Bidder  and  Schmidt,  Verdauungssfifte,  Leipsic,  1852,  quoted  in  Op- 
penheimer,  C,  Die  Fermente,  Leipsic,  1900,  97. 

»  Chapoteaut,  P.,  Compt.  rend,  Acad,  d.  «c.,  1882,  xciv,  1722. 


CONCERNING  THE  IDENTITY  OF  THE  PROTEINS 
EXTRACTED  FROM  WHEAT  FLOUR  BY  THE 
USUAL  SOLVENTS. 


By  C.  H.  bailey  and  M.  J.  BLISH. 

From  the  Division  of  Agricultural  Chemistry ,  Minnesota  Agricultural 
Experiment  Station ,  University  Farm,  St.  Paul.) 

(Received  for  publication,  September  8,  1915.) 

Wheat  flour  was  found  by  Osborne  and  Voorhees^  to  contain 
five  distinct  proteins:  an  albumin  (leucosin),  a  globulin,  a  pro- 
lamin  (gliadin),  a  glutelin  (glutenin),  and  a  proteose.  The  albu- 
min is  soluble  in  water,  and  both  it  and  the  globulin  are  soluble 
in  dilute  saline  solutions.  Gliadin  is  slightly  soluble  in  water,  and 
freely  soluble  in  50  to  70  per  cent  alcohol  solutions.  Glutenin 
is  insoluble  in  water,  saline  solutions,  and  alcohol,  but  is  dispersed 
by  dilute  acid  and  alkaline  solutions.  The  existence  in  wheat 
flour  of  a  proteose  as  such  has  been  questioned.  For  the  pur- 
poses of  this  work  it  has  not  been  considered  as  present  in  appre- 
ciable quantities.  The  gliadin  and  glutenin  constitute  what  is 
commonly  known  as  gluten,  and  represent  from  85  to  88  per  cent 
of  the  total  protein  of  a  high  grade  flour.  These  are  believed  by 
Osborne'  to  be  the  only  proteins  present  in  the  endosperm  of  the 
wheat  kernel  in  any  considerable  amount.  Ritthausen's  conclu- 
sion that  wheat  flour  contains  three  distinct  proteins  soluble  in 
dilute  alcohol  was  not  supported  by  the  work  of  Osborne,  who 
found  the  fractional  precipitations  of  the  protein  material  soluble 
in  alcohol  to  yield  practically  the  same  percentages  of  glutamic 
acid.  In  view  of  the  similarity  in  the  chemical  and  physical  prop- 
erties of  these  fractions,  Osborne  contends  that  only  one  alcohol- 
soluble  protein  is  present.    This  view  has  since  been  generally 

*  Osborne,  T.  B.,  and  Voorhees,  C.  G.,  .4m.  Chem.  Jour.,  1893,  xv,  392- 
471. 

*  Osborne,  T.  B.,  Proteins  of  the  Wheat  Kernel,  Carnegie  Institution  of 
Washington,  Publication  No.  84,  108,  1907. 

345 


346 


Proteins  Extracted  from  Wheat  Flour 


accepted.  The  chemical  identity  of  gliadin  from  different  wl^»eat 
flours  has  since  been  demonstrated  by  the  work  of  Wood,'  Bli  A,* 
and  Gr6h  and  Friedl.*   The  albumin  and  globulin  are  contai^MQed 

chiefly  in  the  embryo,  and  their  presence  in  the  flour  is  due  to 

the  impossibility  of  separating  all  of  the  germ  from  the  en»»do- 
sperm  during  the  process  of  roller  milling. 
These  proteins  are  important  not  alone  because  of  their  nutri^dve 

value,  but  also  because  of  their  relation  to  the  baking  valu(  ^  of 

flour.  It  appears  safe  to  postulate  that  there  is  no  substance=?  in 
wheat  flour  other  than  gluten  which  confers  the  property  of  re- 
taining gases  during  fermentation  to  any  marked  degree.  W^Biile 
the  physical  properties  of  the  gluten  complex  may  be  affected  by 
the  presence  of  various  electrolytes  as  suggested  by  Wood  r— ^T)d 
Hardy,*  and  by  the  activity  of  proteoclastic  enzymes,  as  she  -J^ti 
by  Baker  and  Hulton,^  and  Ford  and  Guthrie,*  this  comp=)lex 
must  be  present  to  give  wheat  flour  dough  its  ability  to  expand  «--Ciiid 

form  a  porous  loaf.    The  marked  differences  in  the  physical  pi  op- 

erties  of  the  two  constituents  of  gluten,  gliadin  and  glutenin,  n^rnay 
be  responsible  for  corresponding  differences  in  the  propertie^s  of 
flours  in  which  they  were  present  in  varying  proportions.  HMTie 
gliadin-glutenin  ratio  was  held  by  Fleurent®  and  Snyder*®  to  bi^s  of 
importance  in  estimating  the  baking  strength  of  flours.  Sny —  ^er 
later"  stated  that  the  percentage  of  gliadin  in  a  flour  is  of  rm^  ore 
importance  than  the  gliadin-glutenin  ratio.  Fenyvessy^*  foi — J^d 
that  the  addition  of  gliadin  to  flour  improved  the  baking  quaLrSty, 
while  added  glutenin  either  had  no  effect  or  decreased  the  balc^in^ 

» Wood,  T.  B.,  Jour.  Agr.  Sc.,  1907,  ii,  139-161. 

*  Blish,  M.  J.,  Jour.  Ind.  and  Engin.  Chem.,  1915  (in  press). 
» Gr6h,  J.,  and  Friedl,  G.,  Biochem.  Ztschr.,  1914,  Ixvi,  154. 

•  Wood,  T.  B.,  and  Hardy,  W.  B.,  Proc.  Roy.  Sac,  Series  B.,  1909,  hc==^y 
38-43. 

^  Baker,  J.  L.,  and  Hulton,  H.  F.  E.,  Jour.  Soc.  Chem.  Ind.,  1908, 
368-376. 

«  Ford,  J.  S.,  and  Guthrie,  J.  M.,  ibid.,  1908,  xxvii,  389-393. 
»  Fleurent,  E.,  Compt.  rend.  Acad,  d.  sc.,  1896,  cxxiii,  755-758. 
^0  Snyder,  H.,  Minnesota  Agricultural  Experiment  Station,  Bull. 
1899,  519-533. 

"  Snyder,  Jour.  Am.  Chern.  Soc,  1905,  xxvii,  1068-1074. 
"  Fenyvessy,  B.  v.,  Ztschr.  f.  Untersuch.  d.  Nahrunga-  u.  Genussmi^^^r 
1911,  xxi,  658-662. 
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quality.  Other  investigations  could  be  cited  which  support  the 
same  general  conclusions. 

The  non-gluten  proteins,  albumin  and  globulin,  were  believed 
by  Snyder"  to  play  no  important  pa-^t  in  determining  the  bread- 
making  qualities  of  flour.  This  was  confirmed  by  Bremer.^* 
The  percentage  of  these  proteins  bears  a  relation  to  the  grade  of 
flour,  since  the  lower  grades  contain  larger  proportions  of  bran 
and  germ  fragments,  and  therefore  larger  percentages  of  albmnin 
and  globulin.  Considerable  importance  is  accordingly  attached 
to  the  development  of  accurate  methods  for  the  separation  and 
estimation  of  the  several  proteins  of  wheat  flour. 

Gliadin  has  been  quantitatively  estimated  in  8  number  of  ways. 
Fleurent^*  extracted  the  crude  gluten  with  70  per  cent  alcohol 
containing  2.5  to  3.0  grams  of  KOH  per  liter.  The  glutenin  in 
the  extract  was  precipitated  by  passing  CO2  through  it  until 
saturation  was  effected.  An  aliquot  of  the  filtered  extract  was 
dried,  and  the  weight  of  the  dry  matter  less  the  potassiiun  car- 
bonate and  bicarbonate  present  was  considered  to  be  gliadin. 
Fleurent  later"  suggested  the  use  of  a  specially  graduated  densi- 
meter for  determining  the  percentage  of  gliadin  extracted  from 
crude  gluten  by  74  per  cent  alcohol. 

Teller^^  proposed  a  scheme  for  the  separation  and  estimation 
of  the  wheat  proteins.  He  considered  the  proteose  of  Osborne  to 
be  gliadin,  and  accordingly  recofmized  four  proteins,  gliadin, 
glutenin,  leucosin,  and  edestin.  Gliadin  was  determined  by  di- 
gesting the  flour  with  hot  alcohol,  specific  pravity  0.90  (66  per 
cent  by  volume).  The  nitrogen  in  the  clear  filtrate  less  the  amide 
nitrogen  was  considered  as  gliadin  nitrogen.  Leucosin  and  edes- 
tin were  extracted  with  1  per  cent  NaCl  solution,  from  which  they 
were  precipitated  by  adding  sufficient  alcohol  to  bring  the  concen- 
tration in  the  mixture  to  75  per  cent.  The  percentage  of  glutenin 
was  calculated  by  difference.   Teller  determined  the  percentage 

1*  Snyder,  Minnesota  Agricultural  Experiment  Station,  Bull.  54,  1897, 
57-42. 

^*  Bremer,  W.,  Ztschr,  f.  Untersuch.  d.  Nahrungs-  u.  Genussmittel,  1907, 
ciii,  69-74. 

Fleurent,  lac.  cit, 

Fleurent,  Compt.  rend.  Acad.  d.  sc.,  1901,  cxxxii,  1421-1423. 
'^Teller,  G.  L.,  Arkansas  Agricultural  Experiment  Station,  Bull,  5S, 
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of  nitrogen  extracted  by  alcohol  solutions  ranging  from  40  to  ^ 
per  cent.    The  largest  quantity  was  found  in  the  extracts  wlxe^ 
40  to  55  per  cent  alcohol  was  used. 

Snyder^*  suggested  a  polariscopic  method  for  the  estimation 
of  gliadin  in  which  15.97  grams  of  flour  were  digested  with  lOO  cc. 
of  70  per  cent  alcohol,  and  the  filtrate  was  polarized  in  a  220  nc^m. 
tube.  The  reading  on  the  sugar  scale  multiplied  by  0.2  gave  ^he 
approximate  per  cent  of  gliadin,  the  specific  rotatory  poweitr-  of 
which  is  —92°.  Matthewson^^  determined  the  optical  rotatiour^  of 
gliadin  in  alcohols  of  various  strengths,  and  in  other  orga^Jiic 
solvents. 

Chamberlain^o  found  that  5  per  cent  K2SO4  solution  extra(s=^  ted 
practically  the  same  percentage  of  protein  from  flour  as  did  10 
per  cent  NaCl,  and  proposed  its  use  instead  of  the  latter  for  the 
estimation  of  the  albumin  and  globulin.  On  extracting  fl_  ^ur 
with  salt  solution  and  the  residue  with  alcohol,  and  vice  versa^^  he 
found  considerable  quantities  of  the  proteins  which  were  soli^«ble 
in  one  reagent  to  be  extracted  by  the  other.  He  later*^  repoi —  ted 
the  relative  quantities  of  protein  extracted  by  hot  and  by  (r=^old 
alcohol  from  the  same  flour,  and  found  little  difference  in  •rhis 
regard,  although  the  hot  alcohol  extracted  sUghtly  less  prot^sin. 
Snyder^  reported  the  percentages  of  nitrogen  in  the  extract^^  of 
flour  with  alcohol  of  60  to  86.4  per  cent  by  weight.  The  lo-^w^er 
concentration  of  alcohol  extracted  the  highest  percentage  of 
nitrogenous  material  in  each  case.  He  reconmaends  the  us^^  of 
70  per  cent  alcohol  by  weight,  specific  gravity  0.871.  Lac^Bd** 
as  associate  referee  on  Cereal  Products  for  the  Association^  of 
Official  Agricultural  Chemists  proposed  the  use  of  alcohoL  of 
specific  gravity  0.90  (66  per  cent  by  volume)  for  the  determl 
tion  of  gliadin,  and  extraction  with  1  per  cent  NaCl  solutS: — on, 

"  Snyder,  Jour.  Ain.  Chem.  Soc,  1904,  xxvi,  203-266. 

'9  Matthewson,  W.  E.,  ibid.,  1906,  xxviii,  624-628  and  1482-1485. 

"  C'hambcrlain,  J.  S.,  U.  S.  Dept.  of  Agriculture,  Bureau  of  Ckemi^^^^f 
Bull.  81,  1904,  118-125. 

21  Chamberlain,  Jour.  Am.  Chem.  Soc,  1906,  xxviii,  1657-1667. 

"  Snyder,  U.  S.  Dept.  of  Agriculture,  Bureau  of  Chemistry,  Bull. 
1907,  88-90. 

23  Ladd,  E.  F.,  U.  S.  Dept.  of  Agriculture,  Bureau  of  Chemistry,  J^^^^^^- 
122,  1909,  53-58. 
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followed  by  precipitation  of  the  protein  in  the  extract  with  phos- 
photungstic  acid,  for  the  determination  of  albumin  and  globulin. 
Robertson  and  Greaves*^  determined  the  refractive  indices  of  glia- 
din  in  ethyl  and  propyl  alcohols,  acetone,  phenol,  acetic  acid,  and 
KOH  solutions.  Greaves**  in  a  comprehensive  investigation, 
studied  the  influence  of  a  number  of  factors  upon  the  quantita- 
tive determination  of  gliadin.  He  found  that  the  per  cent  of 
nitrogen  extracted  with  70  and  74  per  cent  alcohol  varied  with 
the  proportion  of  flour  used.  With  the  70  per  cent  alcohol  it  was 
greater  when  1.9963  grams  of  flour  per  100  cc.  were  used  than 
when  the  proportion  was  15.97  grams  per  100  cc.  Increasing  the 
period  of  extraction  with  70  and  74  per  cent  alcohol  from  24 
hours  to  48  hours  did  not  materially  affect  the  percentage  of  pro- 
tein extracted.  The  maximum  quantity  of  protein  was  in  most 
instances  extracted  with  70  per  cent -alcohol,  as  compared  with 
concentrations  ranging  from  60  to  80  per  cent  by  volume.  Hot 
74  per  cent  alcohol  extracted  considerably  larger  percentages  of 
protein  than  did  cold  74  per  cent  alcohol,  the  nitrogen  so  extracted 
averaging  1.457  per  cent  and  1.290  per  cent  of  flour,  respectively. 
The  specific  rotation  of  the  protein  extracted  with  the  hot  alcohol 
was  lower,  however,  being  —77.86°,  while  that  of  the  cold  extrac- 
tion was  -97.01°.  When  the  flour  was  first  dried  at  96°C.  the 
percentages  of  nitrogen  extracted  by  74  per  cent  alcohol  were 
diminished  from  an  average  of  1.290  per  cent  to  1.205  per  cent. 
Greaves  bases  his  recommendation  that  74  per  cent  alcohol  be  em- 
ployed in  the  determination  of  gliadin  on  his  observation  that 
there  was  less  variation  in  the  specific  rotation  of  the  protein  ex- 
tracted by  it  than  when  alcohols  of  other  concentrations  were 
used. 

Hoagland"  determined  the  percentage  of  protein  extracted  by 
klcohol  of  concentrations  ranging  from  10  to  75  per  cent  by  weight. 
ie  found  a  gradual  increase  in  the  percentage  of  extracted  ni- 
rogen  with  alcohol  solutions  of  between  10  and  50  per  cent,  fol- 
owed  by  a  decrease  when  more  concentrated  solutions  were  em- 

"  Robertson,  T.  B.,  and  Greaves,  J.  E.,  Jour.  Biol.  Chem.^  1911,  ix, 
Sl-184. 

"Greaves,  J.  E.,  University  of  California  Publications  in  Physiology^ 
SlO-lo,  iv,  31-74. 

"Hoagland,  R.,  Jour.  Ind.  and  Engin.  Chem.,  1911,  iii,  838-842. 
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ployed.    Raising  the  temperature  of  extraction  with  50  per  c&^^ 
alcohol  to  75°  incre  ised  the  percentage  of  extracted  nitrogen  fir^tx^ 
1.18  per  cent  (in  the  cold)  to  1.58  per  cent.   The  use  of  50 
cent  alcohol  by  weight  at  room  temperature  is  recommen^^ed 
for  the  determination  of  gliadin.    Olson^^  states  that  50  per  c=eiil 
alcohol  extracts  proteins  other  than  gliadin,  and  that  the  la  "^ter 
can  be  separated  as  a  coagulum  by  ev"iporating  off  the  a^cc^^hol 
and  heating  in  water.   About  68  per  cent  of  the  total  alcoJ^Biol- 
soluble  protein  was  thus  coagulated.    In  a  second  paper  01s^™on" 
states  that  1  per  cent  NaCl  solution  extracts  gliadin  as  wel      1  as 

leucosin  and  edestin,  the  gliadin  constituting  approximately  29 

per  cent  of  the  total  protein  extracted.  A  method  of  separa«B*ing 
the  several  proteins  is  outlined.  Aliquots  of  the  extract  are  bo  — iled 
and  evaporated  to  dryness,  and  the  solid  matter  is  digested  \  vith 
55  per  cent  alcohol  which  is  assumed  to  dissolve  the  gliadin  and 
globulin,  and  leave  the  denatured  albumin  as  an  insoluble  resiczuJue. 
The  gliadin  and  globulin  are  separated  by  evaporating  off  the 
alcohol,  and  boiling  in  water,  when  the  gliadin  coagulates,  '^^■'his 
coagulum  is  separated  from  the  uncoigulated  protein  by  fil  "Ora- 
tion, and  the  globulin  in  the  filtrate  precipitated  by  phosp^^ho- 
tungstic  acid. 

These  citations  show  the  lack  of  agreement  which  exists  a^S  to 
the  proper  methods  for  the  determination  of  the  several  prot^^i^ 
of  wheat  flour.  The  differences  in  the  methods  used  are  doi — :i3bt- 
less  responsible  in  part  for  the  conflicting  statements  regirc=3ing 
the  proportions  of  each  which  are  usually  present,  and  their 
portance  in  estimating  bread-making  quality.  It  was  wit^— i  * 
view  toward  determining  the  character  and  strength  of  the  sol- 
vents, and  the  conditions  of  extraction  which  would  afford  the 
most  accurate  separation  and  estimation  of  the  proteins  in  this 
important  food  that  the  following  experiments  were  undertal^^^"* 

EXPERIMENTAL. 

A  study  of  the  chemical  constitution  of  the  several  wheat  ^^)ro- 
teins  revealed  the  fact  that  there  was  a  striking  difference  in  the 
percentage  of  ammonia  nitrogen  in  the  products  of  hydrolysi^^ 


"  Olson,  G.  A.,  Juur.  Ind.  and  Engin.  Chem.,  1913,  v,  917-922. 
"Olson,  ibid.,  1914,  vi,  211-214. 
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HCl.  This  ammonia  nitrogen,  according  to  Osborne's  postulate,^* 
is  in  amide  union  in  the  protein  molecule.  Osborne  and  Harris*® 
report  the  following  anmionia  fractions  in  the  products  of  hy- 
drolysis of  the  four  wheat  proteins: 


Nitrogen  as  ammonia. 

Protein. 

Total  nitrogen. 

In  protein. 

Of  total  nitrogen.* 

per  cent 

per  ernt 

percent 

Albumin  

16.93 

1.16 

6.8 

Globulin  

18.39 

1.42 

7.7 

G  Had  in  

17.66 

4.30 

24.3 

Glutenin  

17.49 

3.30 

18.9 

•  Our  calculations. 


Van  Slyke*^  found  the  gliadin  which  he  hydrolyzed  to  yield 
25.52  per  cent  of  its  nitrogen  as  ammonia.  The  same  percentage 
of  ammonia  nitrogen  was  found  in  the  hydrolysate  of  gliadin  pre- 
pared in  this  laboratory  by  BUsh.  It  appeared  that  advantage 
might  be  taken  of  these  marked  differences  to  ascertain  in  how 
nearly  a  pure  form  the  several  wheat  proteins  were  present  in  the 
extracts  employed  for  their  separation.  If,  as  asserted  by  Olson, 
the  alcohoUc  extract  contained  a  mixture  of  about  two-thirds 
gUadin  and  one-third  globulin  and  albumin  (either  or  both),  the 
ammonia  nitrogen  in  the  hydrolysate  would  be  decidedly  reduced. 
Conversely  the  presence  of  40  per  cent  of  gliadin  in  the  extract 
with  1  per  cent  NaCl  solution  would  effect  a  marked  increase  in 
the  ammoni  v  nitrogen  over  what  would  be  expected  in  a  mixture 
of  hydrolyzed  albumin  and  globulin. 

Accordingly  wheat  flour  was  extracted  with  the  usual  protein 
solvents  in  the  manner  described  below,  the  preparation  hy- 
irolyzed  for  20  hours  with  about  100  cc.  of  HCl,  specific  gravity 
.  115,  and  the  anmionia  in  the  hydrolysate  determined  by  vacuum 
istillation  after  the  method  of  Van  Slyke.^   By  observing  cer- 

Osborne,  The  Vegetable  Proteins,  New  York,  1912,  58. 
^«  Osborne,  T.  B.,  and  Harris,  I.  F.,  Jour.  Am.  Chem.  Soc,  1903,  xxv, 
-3-353. 

^1  Van  Slyke,  D.  D.,  Jour.  Biol.  Chem.,  1911-12,  x,  15-55. 
-"Van  Slyke,  loc.  ext.,  20-21. 
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tain  precautions,  and  maintaining  a  uniformity  of  procedure  in- 
cluding concentration  of  acid  used,  length  of  time  of  hydrolysis, 
reduced  pressure,  a  low  temperature  in  the  contents  of  the  distil- 
lation flask,  and  time  of  distillation  (30  minutes),  uniform  and 
accurate  results  were  secured  by  this  method.  Sufficient  ma- 
terial was  used  in  all  cases  to  afford  enough  protein  to  yield  a 
considerable  quantity  of  anamonia  and  total  nitrogen,  thus  re- 
ducing the  errors  of  determination  and  calculation. 

The  Salt-Soluble  Proteins, 

80  grams  of  a  patent  flour  milled  by  the  roller  process  from  hard 
spring  wheat  (Laboratory  No.  B401)  were  extracted  at  refrigerator 
temperature  with  4,000  cc.  of  1  per  cent  NaCl  solution.  The 
mixture  was  shaken  vigorously  at  intervals  of  15  minutes  for  the 
first  3  hours,  and  then  allowed  to  stand  17  hours.  The  super- 
natant Uquid  was  passed  through  a  folded  filter,  more  than  3,800 
cc.  of  clear  filtrate  being  obtained.  AUquots  were  drawn  for 
total  nitrogen  determinations.  The  remainder  was  evaporated 
until  reduced  to  about  one-fourth  its  original  volume,  and  then 
dialyzed  until  practically  free  from  salt.  The  material  in  the 
dialyzer  was  evaporated  to  dryness  in  a  porcelain  dish  on  the 
water  bath,  heated  with  HCl,  washed  into  a  flask,  and  hydro- 
lyzed  under  a  reflux  for  20  hours.  The  hydrolysate  was  freed 
from  HCl  by  vacuum  distillation,  the  residue  taken  up  with  water, 
made  to  a  measured  volume,  and  aliquots  were  taken  for  the 
total,  and  the  anmionia  nitrogen  determinations. 

The  flour  residue  after  extraction  with  the  1  per  cent  NaCl 
solution  was  collected,  pressed  as  free  as  possible  from  the  solu- 
tion, and  dried  in  a  vacuum  oven  at  reduced  pressure  and  a  tem- 
perature of  40°  to  43°C.  The  dried  material  was  ground  to  the 
fineness  of  flour  and  reserved  for  further  work. 

The  extract  with  this  solvent  contained  9.6  mg.  of  nitrogen  per 
100  cc,  which  is  equivalent  to  0.48  per  cent  of  nitrogen  on  the  basis 
of  the  original  flour.  The  ammonia  nitrogen  in  the  hydrolyzed 
extract  constituted  16.71  per  cent  of  the  total  nitrogen.  Since 
the  globulin  and  albumin  are  present  in  the  proportions  of  about 
3  to  2,  the  weighted  average  of  their  ammonia  nitrogen  on  hy- 
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drolysis  would  be  approximately  7.3  per  cent.  The  pliadin  ex- 
tracted by  the  1  per  cent  NiCl  solution  is  doubtless  responsible 
for  the  increased  ammonia  fraction.  A  mixture  of  albumin  and 
globulin  in  the  proportions  mentioned,  with  gUadin,  in  which  the 
ammonia-nitrogen  fraction  on  hydrolysis  is  16.71  per  cent,  would 
consist  of  about  48.3  per  cent  of  albumin  and  globulin,  and  51.7 
per  cent  of  gliadin.  It  is  evident,  therefore,  that  the  protein  in  the 
extract  with  this  solvent  is  about  half  gliadin,  and  1  per  cent 
NaCl  solution  is  of  little  value  in  the  separation  and  estmiation 
of  the  albumin  and  globulin  in  a  flour. 

80  grams  of  the  same  flour  were  then  extracted  with  4,000  cc. 
of  10  per  cent  NaCl  solution.  The  same  procedure  was  followed 
in  extracting  and  hydrolyzing  the  extract,  and  the  flour  residue 
after  extraction  was  saved  and  dried.  100  cc.  of  the  clear  extract 
contained  6.8  mg.  of  total  nitrogen,  equivalent  to  0.34  per  cent  on 
the  basis  of  the  original  flour.  The  ammonia  nitrogen  in  the 
hydrolysate  represented  10.37  per  centof  the  total  nitrogen.  Using 
the  same  method  of  estimation  as  before,  the  proteins  in  this 
extract  consisted  of  83.1  per  cent  of  albumin  and  globulin  and 
16.9  per  cent  of  gliadin. 

The  extraction  was  repeated,  using  5  per  cent  K2SO4  solution 
as  recommended  by  Chamberlain.  100  cc.  of  the  clear  extract 
contained  6.68  mg.  of  total  nitrogen,  equivalent  to  0.334  per 
cent  on  the  basis  of  the  flour.  The  hydrolyzed  extract  yielded 
9.89  per  cent  of  the  nitrogen  as  anmionia,  which  is  equivalent  to 
86.7  per  cent  of  albumin  and  globulin,  and  14.3  per  cent  of  gliadin. 
It  accordingly  appears  that  10  per  cent  NaCl  and  5  per  cent 
KjS04  solutions  extract  protein  mixtures  of  practically  the  same 
character,  in  which  the  gliadin  is  present  to  the  extent  of  only  about 
one-sixth  of  the  total  protein,  the  other  five-sixths  being  albumin 
and  globulin.  The  data  of  these  saline  solution  extractions  are 
presented  in  tabular  form  in  Table  I.  Column  4  of  this  table 
gives  the  estimated  percentage  of  albumin  and  globulin  nitrogen 
extracted  from  the  flour,  corrected  by  deducting  the  gliadin  ni- 
trogen present  in  the  extract. 
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TABLE  I. 

Percentage  of  Total  Nitrogen  and  of  Albumin  and  Globulin  Nitrogen 
Extracted  mth  Saline  Solutions. 


Solrent. 

Total  niiroeen 
eztiactea. 

NHt  nitrosen 
in  hydrolyaate. 

Estimated  albumin  and  clobulin 
nitrocen. 

In  proteins  of 
eztxaet. 

In  onsinal 
flour. 

1  per  cent  NaCl 

0.480 

16.71 

48.3 

0.232 

10   "    "  NaCl 

0.340 

10.37 

83.1 

0.283 

5   "    "  K,S04 

0.334 

9.89 

85.7 

0.286 

The  Alcohol-Soluble  Proteins. 

The  same  patent  flour  was  extracted  with  alcohol  solutions  of 
different  concentrations  to  determine  the  purity  of  the  gliadin 
extracted.  The  quantities  employed  were  20  grams  of  flour  and 
1,000  cc.  of  alcohol  solution,  and  the  time  of  extraction  was  20 
hours  when  conducted  at  room  temperature.  With  30  per  cent 
alcohol  by  volume,  0.89  per  cent  of  nitrogen  was  extracted.  The 
ammonia  fraction  in  the  hydrolysate  constituted  23.11  per  cent 
of  the  total  nitrogen.  This  indicated  the  presence  of  considerable 
albumin,  or  globulin,  or  both,  in  the  extract,  the  estimated  glia- 
din representing  but  86.8  per  cent  of  the  total  protein  extracted. 
50  per  cent  alcohol  by  volume  extracted  1.27  per  cent  of  nitrogen, 
and  the  ammonia  nitrogen  fraction  on  hydrolysis  constituted 
24.20  per  cent  of  the  total  nitrogen.  The  gliadin  thus  extracted 
was  evidently  not  mixed  with  as  large  proportions  of  other  pro- 
teins as  in  the  case  of  the  30  per  cent  alcoholic  extract.  It  was 
estimated  to  constitute  92.9  per  cent  of  the  total  proteins  present. 
70  per  cent  alcohol  by  volume  extracted  1.14  per  cent  of  nitrogen 
from  the  flour,  and  the  ammonia  nitrogen  in  the  hydrolysate  was 
24.15  per  cent.  The  relative  proportion  of  other  proteins  mixed 
with  the  gliadin  was  about  the  same  as  in  the  50  per  cent  alco- 
holic extract.  The  total  quantity  of  gliadin  extracted  was  less 
than  when  50  per  cent  alcohol  was  used. 

The  experiment  was  repeated  using  50  per  cent  alcohol,  except 
that  the  extraction  was  conducted  in  pressure  flasks  which  were 
heated  in  a  water  bath  at  83*^  to  84°C.  for  3  hours.  This  is  the 
temperature  at  which  the  mixture  boils  in  the  air.    The  use  of 
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pressure  flasks  precludes  the  possibility  of  loss  of  the  solvent. 
The  filtrate  was  slightly  opalescent.  The  nitrogen  in  the  extract 
represented  1.53  per  cent  of  the  original  flour,  a  marked  increase 
over  that  extracted  by  cold  50  per  cent  alcohol.  On  hydrolysis, 
24.12  per  cent  of  the  nitrogen  was  present  as  ammonia,  which  is- 
practically  the  same  as  that  yielded  by  the  cold  50  per  cent  alco- 
holic extract.  This  is  equivalent  to  92.4  per  cent  of  gliadin. 
The  actual  gliadin  nitrogen  extracted  was  therefore  1.41  per 
cent,  as  compared  with  1.18  per  cent  extracted  by  the  same  con- 
centration of  cold  alcohol.  This  would  indicate  that  hot  alcohol 
should  be  employed  to  effect  the  complete  extraction  of  this  im- 
portant constituent  of  wheat  flour. 

Table  II  gives  the  percentages  of  total  nitrogen  and  gliadin 
nitrogen  extracted  by  various  concentrations  of  cold  alcohol,  and 
hot  50  per  cent  alcohol. 

TABLE  II. 


Percentage  of  Total  Nitrogen  and  of  Gliadin  Nitrogen  Extracted  with  Alcohol 

Solutions. 


ConcentTation  of  alcohol 
(by  volume). 

Temper- 
ature. 

Total 
nitrocen 
extracted. 

NHa  nitro- 
cen in 
hydrolyaate. 

Estimated  gliadin  nitrogen. 

Id  proteins 
of  extract. 

In  orifinal 
flour. 

•c. 

30  per  cent 

22-25 

0.89 

23.11 

86.8 

0.771 

50   "  " 

22-25 

1.27 

24.20 

92.9 

1.180 

70   "  " 

22-25 

1.14 

24.15 

92.6 

1.056 

50   "  " 

83-84 

1.53 

24.12 

92.4 

1.414 

The  reduction  in  the  ammonia-nitrogen  fraction  in  the  hydroly- 
sate  from  the  alcoholic  extractions  was  due  to  albumin,  or  globu- 
lin, for  when  the  residue  from  the  extraction  with  saline  solutions, 
after  drying  and  powdering,  was  extracted  with  50  per  cent  alcohol 
and  the  extract  hydrolyzed,  the  ammonia  fraction  was  found  to  be 
25.57  per  cent.  This  is  almost  the  identical  ammonia-nitrogen 
fraction  resulting  from  the  hydrolysis  of  pure  gliadin  and  indi- 
cates that  the  saline  solution  extracted  the  albumin  and  globulin 
completely.  Since  glutenin  was  present  in  this  residue  in  consid- 
erable quantities  and  yet  did  not  appear  in  the  alcoholic  extract 
in  sufficient  proportions  to  reduce  the  ammonia-nitrogen  fraction 
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below  that  found  for  pure  gliadin,  it  is  evident  that  it  is  not  appre^ 
ciably  soluble  in  50  per  cent  alcohol. 

The  residue  from  the  extraction  with  5  per  cent  K2SO4  solutior 
was  reextracted  in  pressure  flasks  with  50  per  cent  alcohol  ai 
83°  to  84®  for  3  hours,  to  determine  whether  all  of  the  gliadin  wa 
removed  by  this  method.  The  residue  from  the  alcoholic  extrac 
tion  was  pressed  free  from  the  liquid,  and  hydrolyssed  in  th 
usual  manner.  The  anamonia  nitrogen  in  the  hydrolysate  con 
stituted  18.6  per  cent  of  the  total  nitrogen.  This  is  so  nearly  th 
anunonia-nitrogen  fraction  reported  by  Osborne  for  pure  glutenii 
viz,,  18.8  per  cent,  as  to  justify  the  conclusion  that  only  gluteni 
remained  after  the  hot  alcoholic  extraction,  and  that  this  metho 
of  extraction  removed  the  gliadin  completely.  The  deduction  : 
also  justified,  based  on  the  similarity  in  the  degree  of  purity  of  th 
gliadin  in  the  extracts  with  cold  and  hot  50  per  cent  alcohol,  thfi 
the  former  does  not  extract  all  of  the  gliadin  in  the  flour,  nor  doc 
cold  alcohol  of  the  other  concentrations  used. 

A  low  grade  flour  containing  0.615  per  cent  of  nitrogen  solubl 
in  5  per  cent  K5SO4  solution  was  extracted  with  50  per  cent  alec 
hoi  to  determine  whether  the  higher  percentage  of  albumin  an 
globulin  would  result  in  larger  quantities  of  these  proteins  bein 
extracted  by  the  alcohol.  The  alcoholic  extract  contained  1.2 
per  cent  of  nitrogen  on  the  basis  of  the  original  flour.  The  h> 
drolyzed  extract  contained  24.28  per  cent  of  its  nitrogen  in  th 
form  of  ammonia,  which  shows  the  mixture  of  proteins  to  consij 
of  about  the  same  proportion  of  gliadin  to  non-gliadin  protein  s 
was  in  the  alcoholic  extract  from  the  patent  flour.  This  woul 
indicate  that  the  50  per  cent  alcohol  extracts  a  more  or  less  cor 
stant  quantity  of  non-gliadin  protein,  regardless  of  the  percentaj 
in  the  flour. 

There  is  a  marked  difference  in  the  relative  proportion  of  gliadi 
in  the  50  per  cent  alcoholic  extract  reported  by  Olson  (69  per  cent 
and  that  found  by  us  (93  per  cent).  This  led  us  to  investigal 
Olson's  method  for  the  separation  of  the  gliadin  from  the  non-glii 
din  protein.  40  grams  of  flour  were  extracted  with  50  per  cec 
alcohol,  and  the  alcohol  was  evaporated  from  the  clear  filtrate 
the  alcohol  being  replaced  by  water  in  which  the  coagulum  wa 
heated  until  a  relatively  small  volume  of  liquid  remained.  Th 
"alcohol-soluble  non-coagulable"  material  was  separated  frou 
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tho  coagulum  by  filtration,  and  hydrolyzed.  The  ammonia  frac- 
tion in  the  hydrolysate  represented  21.44  per  cent  of  the  total 
nitfrogen.  This  shows  the  non-coagulable  portion  to  be  about 
tlix-ce-fourths  gliadin.  It  is  evident  therefore  that  a  considerable 
qixantity  of  gliadin  escapes  coagulation  by  the  method  recom- 
mended by  Olson,  which  is  responsible  for  the  low  gliadin  values 
assigned  the  alcoholic  extract  by  him. 

SUMMARY. 

TThe  extract  of  a  patent  flour  when  1  per  cent  NaCl  is  used  as 
tile  solvent  contained  a  large  proportion  of  gliadin,  representing 
naoxe  than  half  of  the  total  protein  extracted.  The  extract  with 
l)er  cent  NaCl  and  5  per  cent  K2SO4  solutions  contained  only 
ai>X=>roximately  15  per  cent  of  the  protein  as  gliadin.   The  use  of  5 

^  cent  K2SO4  solution  as  suggested  by  Chamberlain  is  accord- 
i^^^ly  reconmiended  for  the  determination  of  the  non-gluten 
Pi*<::>teins. 

^^S^either  30  per  cent  nor  70  per  cent  alcohol  by  volume  extracted 
^    ligh  a  percentage  of  protein  as  did  50  per  cent  alcohol,  when 
extractions  were  conducted  at  room  temperature  for  20 
ho^^g    The  extraction  of  gliadin  was  not  complete  with  any  of 
^'^^se  solvents  unless  the  temperature  was  raised.  Extraction 
^*^h  50  per  cent  alcohol  at  83°  to  84°  for  3  hours  apparently 
^^^cted  a  complete  separation  of  the  gliadin,  and  this  method  is 
r^cic)mmended  for  this  purpose.   The  proportion  of  gliadin  to 
^-gliadin  nitrogen  in  the  extracts  was  the  same  whether  the 
^^^Taction  was  conducted  at  room  temperature  or  83°,  in  both 
"^^'tances  representing  approximately  93  per  cent  gliadin  nitrogen. 
Tlx*  quantity  of  non-gliadin  proteins  extracted  by  50  per  cent 
*^^ohol  appears  to  be  constant,  regardless  of  the  percentage  of 
^-l^^se  constituents  in  the  flour  extracted. 

The  separation  of  gliadin  from  non-gliadin  proteins  by  coagula- 
^i*^^  in  water  at  the  boiling  temperature  is  not  quantitative, 
coxisiderable  gliadin  not  being  coagulated  under  those  conditions. 


A  STUDY  OF  THE  EFFECTS  OF  CERTAIN  ELECTRO- 
LYTES  AND  LIPOID  SOLVENTS  UPON  THE 
OSMOTIC  PRESSURES  AND  VISCOSITIES 
OF  LECITHIN  SUSPENSIONS.^ 

By  ADRIAN  THOMAS. 
{From  Clark  University,  Worcester,  Mciss,) 

(Received  for  publication,  September  4,  1915.) 

Lecithin  suspensions  in  water  give  characteristic  colloidal 
solutions  of  the  emulsoid  type.  They  exhibit  opalescence,  and 
under  normal  conditions  will  remain  in  this  state  of  colloidal 
solution  indefinitely.  It  was  thought  that  since  lecithin  and 
other  lipoids  are  so  widely  distributed  in  living  cells,  a  study  of 
the  influence  of  electrolytes  and  lipoid  solvents  upon  these  suspen- 
sions might  lead  to  some  results  of  physiological  importance. 

^  7.  Osmotic  Pressures. 

A  colloidal  solution  may  be  looked  upon  as  a  solution  in  which 
the  colloidal  particles  are  analogous  to  molecules,  or,  better,  ions, 
of  gigantic  dimensions,  each  colloidal  particle  bearing  an  electri- 
cal charge,  which  in  the  case  of  lecithin  is  negative.  This  being 
the  case  colloidal  solutions  should,  and  do,  exhibit  osmotic  pres- 
sures, the  pressures  depending  upon  the  concentration  and  degree 
of  dispersion  of  the  colloid. 

Since  the  particles  are  of  comparatively  large  dimensions  in 
any  colloidal  solution,  it  is  an  easy  matter  to  obtain  membranes 
which  are  permeable  to  crystalloids  yet  impermeable,  or  only 
slightly  permeable,  to  colloids,  thus  enabling  one  to  observe  the 
effects  of  crystalloids  upon  the  osmotic  pressures  of  colloidal 
solutions.  In  an  osmometer  having  such  a  membrane  the  crys- 
talloid is  free  to  pass  through  the  membrane  while  the  colloid  is 
not. 

'  The  author  wishes  to  acknowledge  his  indebtedness  to  Prof.  R.  S. 
Lillie  for  suggesting  this  problem,  and  for  his  interest  throughout  the 
investigation. 
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Such  an  apparatus  is  described  by  R.  S.  Lillie,*  and  consists  of 
a  Sask-shaped  membrane  of  celloidin,  into  the  neck  of  which  is  8 
fitted  a  single-bored  rubber  stopper  held  firmly  in  place  by  an  c 
elastic  band  wound  around  it  a  sufficient  number  of  times;  the  « 
osmometer  tube  is  fitted  into  the  stopper. 

The  membranes  are  easily  made  from  a  solution  of  about  8  i>er  cent  ;] 

celloidin  in  equal  parts  of  alcohol  and  ether.   Some  of  this  solution  is  ^ 

poured  into  a  flask  which  has  been  previously  dried  by  means  of  alcohol  £ 

and  ether,  and  rotated  imtil  an  even  layer  covers  the  walls;  then  while  the  ^ 

flask  is  still  being  rotated  the  excess  is  poured  off.   The  solvent  is  re-  — 
moved  by  passing  a  current  of  air  into  the  flask,  and  by  washing  with  warm 
water.   The  tempea-ature  of  the  water  should  not  exceed  25®C.  at  first 

but  should  be  gradually  increased  until  at  the  last  washing  it  is  about  ^ 

50°C.   The  membranes  can  then  be  removed  from  the  flask  with  ease  9 

after  inserting  a  pipette  between  the  flask  and  membrane,  and  blowing.  .  ^ 

If  immersed  in  distilled  water  these  membranes  will  remain  in  good  condi-  — j 
tion  for  a  week  or  two. 

In  filling  the  membranes  a  pipette  having  a  stem  sufficiently 
small  to  pass  through  the  hole  in  the  stopper  was  used,  and  the  ^ 
osmometers  were  filled,  after  having  secured  the  stoppers  in  the 
membranes.  The  tubes  having  been  inserted,  the  membranes 
were  suspended  in  small  battery  jars  covered  with  glass  plates 
perforated  by  holes  just  large  enough  to  permit  the  tubes  to  pass 
through. 

The  lecithin  used  in  this  investigation  was  that  prepared  from 
eggs  and  obtained  from  Merck.    Suspensions  were  made  by  two  ^oo 
methods:  (1)  by  macerating  the  lecithin  in  warm  water,  and  -fcJ 
(2)  by  dissolving  the  lecithin  in  ether,  then  adding  to  water, 
and  subsequently  removing  the  ether  by  warming  and  passing 
a  current  of  air  through  the  solution.    The  latter  method  was  ^ss 
much  more  convenient,  yet  care  was  necessary  to  prevent  foaming 
caused  by  too  vigorous  shaking,  or  too  great  heating. 

When  first  added  to  the  water  the  ethereal  solution  of  lecithin 

separates  at  the  top,  but  gives  a  fairly  fluid  emulsion  when  shaken.  

Gradually  as  the  ether  is  driven  off  the  solution  becomes  homogene  ^ 

ous  yet  very  viscous;  soon,  however,  the  viscosity  begins  to  de  

crease  and  continues  to  decrease  until  all  of  the  ether  is  removeA-^B^^ 
when  a  fairly  fluid  colloidal  solution  is  obtained. 

2  Lillie,  R.  S.,  Am.  Jour.  Physiol.,  1907-08,  xx,  133. 
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The  osmotic  pressures  of  1  per  cent  lecithin  suspensions,  made 
both  methods,  were  measured.  Little  difference  in  osmotic 
P^^ssure,  if  any,  could  be  observed  between  the  solutions  prepared 
t^iT"  the  two  methods.  Different  solutions,  however,  gave  slightly- 
different  pressures;  these  differences  are  presumably  due  to  the 
differences  in  the  state  of  dispersion  of  the  colloid. 

The  osmometer  membranes  used  in  the  following  experiments 
'^ere  of  uniform  size,  all  made  in  the  same  flask,  and  of  about 
3o  cc.  capacity;  the  osmometer  tubes  were  of  about  3  mm.  bore; 
^nd  the  battery  jars  containing  the  outer  fluid  were  of  about 
1,000  cc.  capacity.  All  readings  were  correctec}  for  capillary 
attraction. 

The  usual  procedure  was  as  follows.  A  2  per  cent  stock  solu- 
tion for  use  in  a  series  of  experiments  was  made  by  the  ether 
method.  To  25  cc.  of  this  solution  suflicient  of  the  lipoid  solvent, 
or  of  a  solution  of  the  electrolyte,  was  added  to  give  the  desired 
concentration,  and  the  resulting  solution  was  diluted  to  50  cc. 
In  all  cases  the  external  mediiun  had  the  same  concentration  of 
electrolyte,  or  of  lipoid  solvent,  as  the  internal  medium.  When 
the  concentration  of  the  electrolyte  is  the  same  in  both  outer  and 
inner  fluids  the  pressure  observed  cannot  be  due  to  the  electro- 
lyte added  but  must  be  due  to  the  colloid.  Any  change  in  pres- 
sure resulting  from  the  addition  of  the  crystalloid  is  due  to  the 
effect  of  the  crystalloid  upon  the  lecithin. 

The  pressures  became  constant  after  about  forty-eight  hours 
^nd  the  readings  were  then  made.  As  the  pressures  were  very 
low  (a  few  nam.  of  water)  a  correction  for  temperature  is  un- 
necessary. All  readings  were  made  at  room  temperature  (between 
19**C.  and  23°C.).  The  density  may  in  all  cases  be  regarded  as 
unity.  The  results  are  given  in  millimeters,  indicating  the  height 
of  the  solutions  in  the  tubes  after  correction  had  been  made  for 
eapillarity.  As  different  stock  solutions  would  naturally  vary 
in  degree  of  dispersion,  controls  were  run  with  each  series.  Table 
I  shows  the  osmotic  pressures  of  1  per  cent  suspensions  of  lecithin 
i^aade  by  macerating  in  warm  water. 

Heating  to  boiling  changes  the  osmotic  pressures.  Solutions 
2a  and  3a  are  Solutions  2  and  3  after  having  been  removed  from 
tilie  membranes,  heated  to  boiling,  and  then  replaced  in  the  os- 


362    Osmotic  Pressures  of  Lecithin  Suspensions 


mometers.   The  external  medium  in  the  osmometer  containing 
Solution  1  was  changed  once,  but  this  caused  no  difference  in  the  9. 
osmotic  pressure. 

TABLE  I. 


Osmotic  Pressures  of  1  Per  Cent  Lecithin  Suspensions, 


Solution. 

Pressure. 

Solution. 

PiCMBUn. 

mm. 

mm. 

1 

2.0 

4 

2.1 

2 

2.0 

2a 

4.5 

3 

2.0 

3a 

4.3 

Another  1  per  cent  solution  was  made  in  the  same  manner.  .-x 

With  it  were  mixed  the  solutions  already  measured  and  tabu-  —  ^ 

lated  in  Table  I.    Portions  of  the  resulting  solution  were  put  in  xxi 

different  osmometers  and  the  pressures  recorded  in  Table  II  XJ 
were  observed. 

TABLE  II. 


Osmotic  Pressures  of  1  Per  Cent  Lecithin  Suspensions, 


Solution. 

Pressure. 

Solution. 

PrsHure. 

mm. 

mm. 

1 

6.8 

4 

7.2 

2 

7.0 

5 

7.0 

3 

7.0 

Immediately  after  introducing  the  solutions  into  the  osmom-  — 
eters  there  was  always  a  considerable  initial  rise.   The  pressures  s^es 
then  gradually  fell  for  about  forty-eight  hours,  after  which  they  '^-G" 
remained  practically  constant.    Table  III  shows  the  fluctuations      s  'S 
in  pressures  of  the  solutions  recorded  in  Table  II. 

After  the  osmometers  have  stood  for  some  days  a  slight  cloudi-     — > 
ness  usually  appears  in  the  external  media,  due  to  the  escape  of 
certain  constituents  of  the  inner  solution.    The  quantity  of  "i"^/ 
material  thus  traversing  the  membrane  is  too  small  to  affect  the  e 
pressures  apprecia})ly.    Upon  long  standing  the  solutions  usually"%^^ 
show  a  clocreas(^  in  pressure,  duo  prol)ably  to  the  change  in  th^»  _e 
state  of  (lisper.sion  of  tlie  colloid.    This  change  in  the  state  o^mzi^f 
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dispersion  will  again  be  mentioned  in  connection  with  measure- 
ments of  the  viscosities. 

TABLE  ni. 

Fluctuaiiom  in  Pressures  of  1  Per  Cent  Lecithin  SxLspensions  upon 

Standing, 


T*ime  after 
tiling. 

Solution  1. 

Solution  2. 

Solution  3. 

Solution  4. 

Solution  5. 

kTA. 

mm. 

mm. 

mm. 

mm. 

mm. 

i 

36.2 

36.8 

31.8 

39.0 

45.4 

24 

7.8 

7.8 

8.4 

8.8 

10.5 

48 

6.8 

7.0 

7.0 

7.2 

7.0 

48 

External  media  changed 

3  days 

External  media  again  changed 

8  days 

7.8 

7.8 

6.4 

6.4 

6.0 

In  Table  IV  are  shown  the  osmotic  pressures  of  four  additional 
I  per  cent  lecithin  suspensions  made  (A)  by  macerating  the  leci- 
'fclin  in  hot  water,  and  (B)  by  the  ether  method.  The  solutions 
^low  no  differences  in  pressures  that  can  be  attributed  to  the 
>>iethod  of  making. 


TABLE  IV. 
1  Per  Cent  Lecithin  Suspensions. 


A.   Made  by  macerating  in  hot  water. 

B.  Made  by  ether  method. 

.Solution. 

Preesure. 

Solution. 

Pressure. 

mm. 

mm. 

1 

7.4 

1 

7.2 

2 

7.7 

2 

8.8 

All  of  the  electrolytes  used  were  found  to  decrease  the  osmotic 
^jressures  of  the  lecithin  suspensions.  The  pressures  of  the  sus- 
pensions of  1  per  cent  lecithin  made  in  various  concentrations  of 
Afferent  electrolytes  are  given  in  Tables  V  to  IX.  The  external 
medium  had  always  the  same  concentration  with  regard  to  electro- 
lyte as  the  internal  medium.    The  difference  in  pressure  between 

the  control  and  the  solutions  containing  electrolytes,  expressed 

in  percentages,  is  also  given. 
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TABLE  V. 


1  Per  Cent  Lecithin  Suspensions  in  Solutions  of  Sodium  Hydroxit 


Conoentra- 

tion 
of  NaOH. 

Preasure. 

Difference. 

Conoentration 
of  NaOH. 

PreMure. 

DifferesH 

■  >«» 

mm. 

per  cent 

mm. 

0 

8.0 

0 

15.0 

N/800 

5.6 

-31.3 

N/100 

2.0 

-86 

,6 

N/400 

2.0 

-75.0 

N/50 

4.5 

-70 

.0 

N/200 

1.8 

-77.5 

N/25 

4.4 

-70 

_7 

N/100 

1.9 

-76.3 

n/12.5* 

*  The  solution  at  this  concentration  attacked  the  membrane. 


TABLE  VI. 


1  Per  Cent  Lecithin  Suspensions  in  Solutions  of  Sodium  Chloride. 


Concentra- 
tion 
of  NaCl. 

Preesure. 

Difference. 

Concentration 
of  NaCl. 

Pi  Mime. 

Differei^  ^  

mm. 

percent 

mm. 

per  cerm-^  ^ 

0 

8.4 

0 

9.5 

n/1,600 

2.5 

-70.2 

n/100 

l.O 

-89.4 

N/800 

5.8 

-30.9 

N/50 

1.2 

-87.3 

N/400 

3.2 

-61.9 

n/25 

2.0 

-78.9 

N/200 

3.5 

-58.3 

n/12.5 

1.3 

-86.3 

N/100 

0.2 

-97.6 

n/6.25 

1.0 

-89.4 

TABLE  VII. 

1  Per  Cent  Lecithin  Suspensions  in  Solutions  of  Sodium  Bromide, 


Concentra- 
tion 
of  NaBr. 

Pressure. 

Difference. 

Concentration 
of  NaBr. 

Preamire. 

Difference. 

mm. 

per  cent 

mm. 

percent 

0 

7.8 

0 

7.7 

n/3,200 

3.0 

-56.1 

N/100 

1.3 

-  83.3 

n/1,600 

5.0 

-35.9 

N/50 

0.9 

-  88.4 

n/800 

1.2 

-84.6 

N/25 

2.1 

-  73.1 

n/400 

0.2 

-97.4 

n/12.5 

0.9 

-  88.4 

n/200 

5.7 

-26.9 

n/6.25 

0.0 

-100.0 
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TABLE  Vin. 


1  Per  Cent  Lecithin  Suspensions  in  Solutions  of  Sodium  Iodide, 


BDcentra- 

tion 
3f  Nal. 

Difference. 

Concentration 
of  Nal. 

Premire. 

Difference. 

mm. 

percent 

mm. 

per  cent 

0 

11.5 

n/100 

0.0 

-100.0 

r/1,600 

6.5 

-43.5 

N/50 

l.O 

-  91.3 

1/800 

2.0 

-82.6 

N/25 

1/400 

1.0 

-91.3 

n/12.5 

0.1 

-  99.1 

j/200 

0.8 

-93.1 

n/6.25 

1.5 

86.9 

TABLE  IX. 

1  Per  Cent  Lecithin  Suspensions  in  Solutions  of  Hydrochloric  Acid. 


onoentra- 

tion 
of  HCl. 

Preasure. 

Difference. 

Concentration 
of  HCl. 

PreflBure. 

Difference. 

mm. 

percent 

mm. 

per  cent 

0 

15.7 

N/100 

1.0 

-  92.8 

^/1,600 

4.3 

-72.6 

n/50 

1.5 

-  89.7 

v/800 

2.0 

-86.5 

n/25 

0.0 

-100.0 

^/400 

1.5 

-89.7 

n/12.5 

0.0 

-100.0 

^/200 

1.0 

-92.8 

n/6.25 

0.0 

-100.0 

In  Table  X  the  osmotic  pressures  of  lecithin  suspensions  in 
lutions  of  different  lipoid  solvents  are  given.  The  concentration 
lipoid  solvent  is  the  same  for  both  internal  and  external  media. 

TABLE  X. 


Lipoid  solvent  and  concentration. 
rVolume  per  cent.) 

Preeeure. 

Difference. 

mm. 

per  cent 

ntrol  

14.8 

^  ethyl  alcohol  

18.8 

-f31.4 

methyl  alcohol  

18.4 

+28.6 

JJ,  propyl  alcohol  (normal)  

18.1 

+26.6 

16.5 

+15.4 

Yo  butyl  alcohol  

12.4 

-13.3 

Yo  amyl  alcohol  

19.0 

+32.8 

.5%  capryl  alcohol  

12.0 

-16.1 

.1%  capryl  alcohol  

13.1 

-  8.4 

14.0 

-  2.1 

366    Osmotic  Pressures  of  Lecithin  Suspensions 

In  the  concentrations  used  all  of  the  electrolytes  were  found 
to  lower  the  osmotic  pressures.  On  the  other  hand  the  lipoid 
solvents,  with  but  three  exceptions,  increased  the  pressure.  In 
the  case  of  ether  the  absence  of  effect  is  probably  to  be  explained 
by  evaporation.  Capryl  alcohol  is  probably  insufficiently  soluble 
in  water  to  produce  marked  effect,  0.5  per  cent  does  not  form  a 
homogeneous  solution.  The  pressures  recorded  in  Table  X  are 
those  observed  after  forty-eight  hours,  but  after  only  thirty 
hours  the  pressures  of  all  suspensions  in  solutions  of  lipoid  sol- 
vents were  observed  to  be  greater  than  that  of  the  control. 

The  membranes  though  soluble  in  alcohol  showed  no  deterio-  ^ 
ration  in  these  dilute  solutions  after  the  experiments  had  been  m. 
completed. 

In  Table  XI  are  compared  the  per  cent  differences  in  osmotic  ^ 
pressures  due  to  the  electrolytes  in  the  different  concentrations  s 
employed.   These  differences  are  all  negative. 


TABLE  XI. 


Concentra- 
tion. 

HCl 

Nal 

NaBr 

NaCl 

NaOH 

n/1,600 

72.6 

43.5 

35.9 

70.2 

N/800 

86.5 

82.6 

84.6 

30.9 

31.3 

N/400 

89.7 

91.3 

97.4 

61.9 

75.0 

N/200 

92.8 

93.1 

26.9* 

58.3 

77.5 

n/100 

92.8 

100.0 

83.3 

97.&-89.4 

76.3-86.6 

N/50 

89.7 

91.3 

88.4 

87.3 

70.0 

n/25 

100. 0 

73.1 

78.9 

70.7 

n/12.5 

100.0 

99.1 

88.4 

86.3 

n/6.2o 

100.0 

86.9 

100.0 

89.4 

Average 

91.6 

85.8 

75.2 

74.4 

72.9 

♦  This  discrepancy  is  unusual  and  is  probably  due  to  error. 


It  may  easily  be  seen  that  the  osmotic  pressures  are  decreased*^^-* 
by  the  electrolytes  in  the  general  order  HCl,  Nal,  NaBr,  NaCl,  « 
NaOH,  the  greatest  depression  occurring  with  HCl. 


*  The  decrease  in  osmotic  pressure  of  colloids  due  to  electrolytes  has  beeii^:^^ 
observed  by  R.  S.  Lillie,  Moore  and  Roaf,  Pauli,  and  others.  Lillie  haag^^ 
discussed  the  matter  at  length  in  the  Arn.  Jour.  Physiol. f  1907-08,  xx,  127» 
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77.  Viscosities, 

Tine  viscosities  of  nearly  all  of  the  above  suspensions  of  lecithin 
wer-e  measured  after  they  had  been  removed  from  the  osmometers. 
In   some  cases  the  viscosities  were  measured  both  before  putting 
and  after  removing  from  the  membranes.   The  viscosities 
'trlie  external  media  were  measured  after  the  pressures  had  been 
reard;  they  are  then  slightly  higher  than  pure  solutions  of  the 
®l^c5t:rolytes  of  the  same  concentrations.   This  increase  in  vis- 
^^sit:y  is  evidently  due  to  the  dialysis  of  certain  components  of 
internal  solutions. 
-AJl  viscosities  were  measured  at  the  same  temperature,  25®C. 
-^^-^    electrically  heated  thermostat  was  used  which  automatically 
^^*"^»ined  constant  within  0.03°C.   The  viscometer  was  allowed 
x-cmain  in  the  thermostat  sufficiently  long  to  insure  constant 
*^*^»^perature  throughout  before  measurements  were  made.  A 
"^^olified  Bingham- White  viscometer,  such  as  is  described  by 
^^^T^  ite,*  was  employed  in  this  work. 

I XI  Tables  XII  to  XVI  the  viscosities  of  the  lecithin  suspensions 
^ell  as  the  viscosities  of  the  external  media  are  given.  In 
f^^^xxe  cases  the  viscosities  of  the  lecithin  suspensions  are  given  both 
ore  and  after  dialysis.* 


TABLE  XII. 

1  Per  Cent  Lecithin  Suspensions  in  Sodium  Hydroxide  Solutions. 


■-^oncentra- 

tion 
^«  KaOH. 

Vucosities. 

Concentration 
of  NaOH. 

Viaoositiea. 

Lecithin. 

External 
media. 

Lecithin. 

External 
media. 

0 

0.01391 

0.008963 

0 

O. 01438 

0.008953 

N/1,600 

0.01400 

0.009066 

n/100 

O. 01287 

0.008958 

n/800 

0.01395 

0.009041 

n/50 

0.01416 

0.008966 

n/400 

0.01328 

0.009032 

n/25 

0.01921 

0.009032 

n/200 

0.01277 

0.008951 

n/100 

0.01256 

0.008979 

*  White,  G.  F.,  and  Twining,  R.  II.,  Jour.  hid.  and  Engin.  Chem., 
Xm,  V,  568.   White,  G.  F.,  Biochem.  Ztschr.,  1911,  xxxvii,  482. 
'  The  viscosity  of  pure  water  at  25°C.  is  0.00895  in  c.g.s.  units. 
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TABLE  XIII. 


1  Per  Cent  Lecithin  Suspensions  in  Sodium  Chloride  Solutions. 


Concentra- 
tion 
of  NaCl. 

VifloositiM. 

Concentration 
of  NaQ. 

ViaoodtieB. 

Lecithin. 

External 
media. 

Ledthin. 

External 
media. 

0 

0.01421 

0.009049 

0 

0.01271 

0.009014 

N/100 

0.01299 

0.009074 

N/1,600 

0.01253 

0.009048 

n/60 

0.01175 

0.009187 

N/800 

0.01377 

0.009004 

N/25 

0.01130 

0.009021 

N/200 

0.01282 

0.009002 

N/12.5 

0.01104 

0.009070 

(The  above 

solutions  were  measured 

n/6.25 

0.01075 

0.009127 

after  having  been  made  20  days.) 

TABLE  XIV.  ^ 
/  Per  Cent  Lecithin  Suspensions  in  Sodium  Bromide  Solutions. 


Concentra- 
tion 
of  NaBr. 

Viacoeitiee. 

Concentration 
of  NaBr. 

VisooeitieB. 

Lecithin. 

External 
media. 

Lecithin. 

External 
media. 

0 

0.01318 

0.009125 

0 

0.01301 

0.008977 

N/3,200 

0.01249 

0.008991 

N/100 

0.01319 

0.009021 

N/1,600 

0.01352 

0.009022 

N/50 

0.01305 

0.009028 

N/800 

0.01217 

0.009032 

n/25 

0.01244 

0.009015 

N/400 

0.01368 

0.009023 

N/12.5 

0.01191 

0.009043 

N/200 

0.01308 

0.008992 

n/6.25 

0.01183 

0.009071 

TABLE  XV. 

1  Per  Cent  Lecithin  Suspensions  in  Sodium  Iodide  Solutions.  Viscosities 


Concentration  of 

Before  dial>'8i8. 

After  dial  3rti8. 

Nal. 

Lecithin. 

Lecithin. 

External  media. 

0 

0.01520 

0.01445 

0.009109 

N/1,600 

0.01495 

0.01252 

0.009872 

N/800 

0.01509 

0.01238 

0.009043 

N/400 

0.01502 

0.01460 

0.009048 

N/200 

0.01443 

0.01446 

0.009078 

N/100 

0.01449 

0.01408 

0.009002 

.\/50 

0.01428 

0.01409 

0.009095 

N/12.5 

0.01442 

0.01279 

0.009051 

n/6.25 

0.01248 

0.01268 

0.009075 
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TABLE  XVI. 

^  Per  Cent  Lecithin  Suspensions  in  Hydrochloric  Acid  Solutions. 

Viscosities, 


^^'•^^^^■.^eniration  of 
HCl. 

Before  dialysis. 

After  dialysis. 

Lecithin. 

Lecithin. 

External  media. 

0 

0.01426 

0.01316 

0.008937 

3^/1,600 

0.01417 

0.01392 

0.008975 

:n/800 

0.01404 

0.01411 

0.008941 

3sV400 

0.01407 

0.01421 

0.008922 

2^/200 

0.01481 

0.01584 

0.008967 

2i/100 

0.01701 

0.008942 

N/50 

0.01426 

0.01430 

0.008975 

N/25 

0.01464 

0.01440 

0.008950 

n/12.5 

0.01444 

0.009012 

n/6.25 

0.01851 

0.009025 

Trx  general  the  electrolytes  were  found  to  lower  the  viscosities 
Well  as  the  osmotic  pressures  of  the  lecithin  suspensions.  It 
^^11  be  noticed  that  the  measurements  of  the  solutions  before 
i^^troduced  into  the  osmometers  generally  gave  a  higher  viscosity 
^^axx  they  did  after  removal.    This  is  probably  due  to  a  change 
"the  state  of  aggregation  of  the  particles  rather  than  to  dialysis, 
no  more  than  a  trace  of  substance — probably  some  impurity 
P^^sent  in  the  lecithin  preparation — dialyzes  out  of  the  membrane. 
The  decrease  in  viscosity  is  undoubtedly  due  to  the  action  of 
electrolyte  on  the  lecithin,  for  in  the  concentrations  used  the 
electrolytes  increase  the  viscosity  of  water.    Since  the  membranes 
permeable  to  electrolytes  the  effect  of  the  electrolytes  upon 
tti^   viscosities  of  the  lecithin  suspensions  may  be  indicated  by 

equation :  —  =  x,  if  rji  represents  the  viscosity  of  the 

172 

"^"t^x-nal  medium,  172  that  of  the  external  medium,  and  x  represents 
the  change  in  viscosity.  Here  x  represents  the  effect  of  the  pres- 
^^c^  of  lecithin  on  the  viscosity  of  the  solution;  i.e.^  the  propor- 
t^oxiate  increase  of  viscosity  resulting  from  the  addition  of  lecithin 
^  "the  solution  of  the  electrolyte  or  lipoid  solvent.  The  effect 
tike  added  substance  (electrolyte  or  lipoid  solvent)  on  the 
^^Scosity  of  the  suspensions  might  also  be  represented  thus: 


'*'^B  JOURNAL  OF  BIOLOGICAL  CHEMISTRY,  VOL.  XXIII,  SO.  1 
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i?i  —  i?2  (in  presence  of  added  substance) 


The  latter  expressioc 


rii  —  ?72  (in  absence  of  added  substance) 

gives  the  ratio  of  that  part  of  the  total  viscosity  due  to  the  lecithii 
in  the  presence  of  the  electrolyte,  or  the  lipoid  solvent,  to  th-« 
part  of  the  total  viscosity  due  to  the  lecithin  in  the  absence  <.g  ~ 
those  substances. 

In  the  case  of  the  increase  of  viscosity  observed  in  the  moi—-^ 
concentrated  solutions  of  sodium  hydroxide  and  hydrochlori  ^ 
acid,  the  peculiar  behavior  may  possibly  be  due  to  the  direct 
combination  of  the  lecithin,  which  is  amphoteric,  with  those 
substances.   The  hydrochloric  acid  at  the  concentration  of  n/IOO 
precipitates  the  lecithin  markedly,  less  so  at  higher  and  lower 
concentrations  (except  at  n/6.25),  before  introducing  into  the 
osmometers.   After  the  solution  had  been  in  the  osmometers 
for  some  time  the  precipitate  appeared  to  reenter  solution.  It 
may  be  noticed  that  the  viscosity  increases  as  the  concentration 
of  the  acid  approaches  n/100,  falls  again,  and  then  rises  as  the 
concentration  approaches  n/6.25,  where  another  precipitation 
point  occurs. 

Sodium  hydroxide  decreases  the  viscosity  of  the  lecithin  sus- 
pensions in  concentrations  up  to  n/100,  above  which  the  viscosity 
increases  until  the  system  forms  a  gel  at  a  concentration  of  n/2. 
The  viscosity  of  certain  sodium  hydroxide-lecithin  suspensions 
increases  with  time.  A  series  of  observations  showing  this  is 
given  in  Table  XVII.  The  solution  was  allowed  to  remain  in 
the  viscometer,  which  was  kept  in  the  thermostat  at  25°C.  during 
the  whole  period  of  the  experiment  so  that  a  temperature  change 
factor  could  not  enter. 

TABLE  XVII. 

1  Per  Cent  Lecithin  Suspensions  in  n/12.5  NaOH  Solution. 


Time. 

Viscosity. 

Time. 

Viscosity. 

Time. 

ViBcoeity. 

hra. 

hra. 

Ar«. 

0 

0.01348 

3.0 

0.01342 

8.5 

0.01513 

0.5 

0.01343 

3.5 

0.01343 

21.5 

0.02831 

1.0 

0.01331 

4.5 

0.01354 

24.5 

0.02926 

1.5 

0.01339 

5.5 

0.01377 

31.5 

0.02668 

2.5 

0.01337 

6.5 

0.01491 

49.5 

Plastic. 
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The  viscosity  decreases  slightly  at  first,  probably  because  of 
the  action  of  the  electrolyte  before  chemical  combination  takes 
place.  Later  as  the  reaction  goes  on  the  viscosity  steadily  in- 
creases. Bingham  and  others'  have  shown  in  certain  cases  that 
upon  chemical  union  the  viscosity  increases,  that  is,  the  fluidities 
of  associated  compoimds  are  not  additive. 

After  thirty-one  and  one-half  hours  it  was  with  diflBculty  that 
the  solution  began  to  flow  through  the  viscometer;  at  this  stage 
the  solution  had  the  consistency  of  a  soft  gel.  Then  as  the  struc- 
ture of  this  gel  was  destroyed,  by  running  through  the  capillary 
once,  an  even  flow  was  obtained  and  the  viscosity  became  some- 
what lower  than  before.  This  decrease  in  viscosity  is  apparently 
due  to  the  destruction  of  the  structure  of  the  gel.  After  forty- 
nine  and  one-half  hours  the  gel  had  again  set  &o  that  the  state  of 
plastic  flow  was  reached  and  the  viscosity  could  not  be  measured 
without  again  destroying  the  structure  of  the  gel. 

When  a  1  per  cent  lecithin  suspension  in  distilled  water  is  allowed 
to  stand  the  viscosity  tends  to  decrease  rather  than  increase. 
This  change  can  probably  be  attributed  to  the  change  in  the 
state  of  aggregation,  for  the  viscosity  of  a  colloidal  solution 
depends  upon  both  the  concentration  and  the  degree  of  dispersion 
of  the  particles.  Table  XVIII  shows  the  decrease  in  viscosity 
of  a  1  per  cent  lecithin  suspension  in  distilled  water  upon  standing. 


TABLE  XVIII. 


Time. 

Viscosity. 

Time. 

Viacoflity. 

Art. 

hra. 

0 

0.01361 

0 

0.01368 

3.5 

0.01358 

5  days 

0.01318 

18.5 

0.01320 

Table  XIX  shows  the  viscosities  of  different  concentrations  of 
lecithin  in  distilled  water. 

All  solutions  in  Table  XIX  were  made  by  diluting  the  2  per 
cent  solution  and  are  therefore  comparable. 

•  Bingham,  E.  C,  White,  G.  F.,  Thomas  A.,  and  Cadwell,  J.  L.,  Ztschr. 
/.  physikal.  Chem.,  1913,  Ixxxiii,  641. 
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TABLE  XIX. 


Concentration. 

Viacoaity. 

per  cent 

Lecithin. 

0   (distilled  water) 

0.008950 

0.1 

0.009788 

0.5 

0.01108 

1.0 

0.01416 

2.0 

0.02547 

It  has  been  previously  mentioned  that  during  the  preparation* 
of  lecithin  suspensions,  ether  was  found  to  increase  the  viscosity  ^^^^Y- 
The  viscosities  of  1  per  cent  lecithin  suspensions  in  different  con-  MrmL^n- 
centrations  of  ethyl  ether  are  given  in  Table  XX.    The  concen-  Mrm  -n- 
tration  is  given  in  volume  per  cent  of  lipoid  solvent. 


TABLE  XX. 


Concentration 
of  ether. 

Viacosity. 

Concentration 
of  ether. 

Viaooaity. 

per  cent 

per  cent 

0 

0.01493 

0 

0.01567 

0.10 

0.01473 

0.5 

0.01639 

0.25 

0.01475 

1.0 

0.01664 

0.50 

0.01539 

5.0 

0.01817 

1.00 

0.01586 

10.0 

0.01909 

In  Tables  XXI  to  XXVII  the  viscosities  of  1  per  cent  lecithiMii 
suspensions  in  various  concentrations  of  different  lipoid  solventc^"  ^ts 
are  given. 

TABLE  XXL 

/  Per  Cent  Lecithin  Suspensions  in  Solutions  of  Ethyl  Alcohol. 


Concentration. 

Viscosity. 

Concentration. 

Viaooaity. 

per  cent 

per  cent 

0 

0.01491 

2.5 

0.01645 

0.10 

0.01553 

5.0 

0.01717 

0.25 

0.01541 

10.0 

0.02131 

0.50 

0.01477 

25.0 

0.03140 

1.00 

0.01594 

50.0 

0.03332 

i 
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TABLE  XXII. 


/  Per  Cent  Lecithin  Suspensions  in  Solutions  of  Methyl  Alcohol, 


Conoentration. 

VisoMity. 

Concoitration. 

ViMXMity. 

per  cent 

per  cent 

0 

0.01548 

2.5 

0.01615 

0.05 

0.01540 

5.0 

0.01736 

0.10 

0.01557 

10.0 

0.01925 

0.25 

0.01556 

25.0 

0.02490 

0.50 

0.01557 

50.0 

0.02501 

1.00 

0.01550 

TABLE  XXIII. 

Per  Cent  Lecithin  Su^mmipm  in  Solutions  oj  Normal  Propyl  Alcohol, 


0.01582 

0.01599 

tm 

0:Oteii 

0.10 

0.015S1 

25.0 

O.QSQOT 

QM  ■ 

1  0,01007 

ao.o 

0.0S386 

TABLE  XXIV. 

/  Per  Cent  Lecithin  Sn^p^  tmons  in  Sohitiims  of  Isopropyl  Alcohol. 


CoDceDtntiDD. 

 ^1*5 

^m^—  

prr  cent 

0,01597 

1.0 

0  Oir>44 

0.Q& 

O.OIOQI 

10,0 

0.02117 

0,01559 

25.0 

0,0273S 

0.01062 

mM 

O.C^llfi 

TABLE  XXV. 

1  Per  Cent  Lecithin  Suspensiojis  in  Solutions  of  Capryl  Alcohol. 


Concentration. 

Vi8?oeity. 

Concentration. 

Visooaity. 

jxT  cent 

per  cent 

0 

0.01402 

0.50 

0.01749 

0.05 

0.01526 

1.00 

0.01531 

0.10 

0.01493 

5.00 

0.01507 

4    usmotic  rressures  oi  ijeuiw*.. 


TABLE  XXVI. 


Concentration. 

Viscosity. 

Concentration. 

ViKoniy. 

percent 

percent 

0 

0.01473 

1.0 

0.01633 

0.05 

0.01501 

10.0 

0.01650 

0.10 

0.01510 

25.0 

0.02721 

0.50 

0.01581 

TABLE  XXVII. 

/  Per  Cent  Lecithin  Suspensions  in  Solutions  of  Butyl  Alcohol. 


Concentration. 

Viscosity. 

Concentration. 

Viscosity. 

per  cent 

percent 

0 

0.01493 

0.50 

0.01559 

0.05 

0.01512 

1.00 

0.01615 

0.10 

0.01512 

10.00 

0.01520 

In  Table  XXVIII  are  shown  the  viscosities  of  the  1  per  cen-  j 
lecithin  suspensions  in  solutions  of  lipoid  solvents.  These  arp- 
the  solutions  of  which  the  osmotic  pressures  are  recorded  in  Tables 
X. 

TABLE  XXVIII. 


Lipoid  solvent  concentration. 


10%  ethyl  alcohol  

10%  methyl  alcohol  

10%  propyl  alcohol  (normal) 
10%  propyl  alcohol  (iso) .... 

1%  butyl  alcohol  

0.5%  capryl  alcohol  

0.1%  capryl  alcohol  

1%  amyl  alcohol  

5%  ethyl  ether  

Control  


Before 
dialysis. 


Lecithin. 


0.02013 
C. 01895 
0.01953 
0.01844 
0.01626 
0.01757 
0.01735 
0.01751 
0.01951 
0.01525 


After  dialysis. 


Lecithin. 


0.01933 
0.01820 
0.02067 
0.01893 
0.01740 
0.02125 
0.02205 
0.01816 
0.01548 
0.01436 


External 


0.01191 

0.01097 

0.01239 

0.01243 

0.009246 

0.008969 

0.008930 

0.009454 

0.009017 

0.008946 


0.623 
0.659 
0.668 
0.523 
0.863 
1.370 
1.469 
0.921 
0.716 
0.603 


All  of  the  solutions  show  an  increase  in  viscosity  due  to  th^^^ 
action  of  the  lipoid  solvent,  with  the  exception  of  the  isopropjft*^' 
alcohol.    The  viscosity  of  this  solution  is  low,  however,  comparer 
with  the  value  before  observed  and  recorded  in  Table  XXI^^- 
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-fcfce  value  there  recorded  (0.02117)  be  used,  an  increase  of  0.703 
3  olDtained. 

^AJcohol  and  water  mixtures  have  a  viscosity  greater  than 
i^faer  water  or  alcohol,  as  shown  by  Bingham  and  others;^  but 

?"l:i-«n  the  equation  before  mentioned,  ^ — ^  =  x,  is  applied,  an 

ikd-case  in  viscosity  due  to  the  action  of  the  lipoid  solvents  upon 
fci.e    lecithin  is  noted. 

-A^lcohol-water  mixtures  do  not  change  in  viscosity  upon  stand- 
but  suspensions  of  lecithin  in  alcohol-water  mixtures  do 
ti.a-»ge.    Table  XXIX  shows  such  changes,  which  took  place  in 
O  x=^r  cent  ethyl  alcohol  solution. 

TABLE  XXIX. 

^     -*^er  Cent  Lecithin  Suspensions  in  60  Per  Cent  Ethyl  Alcohol  Solution, 


Time. 

ViBoosity. 

Just  made  

0.03332 

0.03370 

24  " 

0.04240 

5  days  "   

0.03515 

--^Vfter  five  days  the  viscosity  had  decreased,  but  no  gelation 
'^^^  noted  with  the  lipoid  solvents  as  with  the  sodium  hydroxide 
*    *-Aations;  apparently,  however,  some  change  in  the  composition 

'the  mixture  had  taken  place. 
^     -All  of  the  viscosities  given  in  this  paper  are  the  average  of  at 
^^st  two  measurements.    Though  the  greatest  care  to'  insure 
^^ijuracy  was  taken,  the  viscosities  varied  in  a  few  cases  nearly 
much  as  1  per  cent  for  the  same  solution.    Bingham  and 
^Vrhite,'  in  studying  the  viscosity  and  fluidity  of  emulsions,  noted 
^hat  at  the  critical  solution  temperature  phenol-water  emulsions 
X>ehaved  in  the  same  manner.    Their  belief  is  that  "in  an  emul- 
sion, the  fluidity  is  dependent  upon  the  size  of  the  drops  and  the 
dimensions  of  the  apparatus,  the  viscosity  being  greatest  when 
the  drops  are  large  in  comparison  with  the  cross-section  of  the 
capillary." 

^  Bingham,  White,  Thomas,  and  Cad  well,  loc.  ext. 
•  Bingham,  E.  C,  and  White,  G.  F.,  Jour,  Am.  Chem.  Soc,  1911,  xxxiii, 
1257. 
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The  variation  in  viscosity  of  consecutive  measurements  wa^*-^*^^ 
found  most  frequently  in  the  case  of  lecithin  suspensions  it  5^  ^ 
electrolyte  solutions  of  low  concentrations,  the  viscosity  observe^^^^'^ 
at  the  first  measurement  being  generally  greater  than  that  o^:^ 
subsequent  measurements.  Taking  into  consideration  the  \dewi^*^^! 
of  Bingham  and  White  it  appears  that  the  emulsion  is  mechanic- ic- 
ally  changed  by  forcing  it  through  the  capillary. 

Bingham  and  Durham^  in  their  paper  on  ''suspensions  of  solid^-Kzids 
in  liquids"  have  noted  that  electrolytes  change  the  viscosity  or^ii»f 
suspensions  when  not  present  in  quantities  great  enough  to  pro-^zi»- 
duce  appreciable  differences  by  themselves.   They  point  our^«ut 
that  viscosity  measurements  afford  a  delicate  method  of  detecting^  mg 
changes  in  suspensions. 

Schibig*^  points  out  that  undissociated  crystalloids  increas^-se 
the  viscosity  of  solutions  of  organic  colloids  in  direct  proportioim: 
to  the  concentration  of  the  crystalloid,  while  electrolytes  gener-raKj- 
ally  decrease  the  viscosity. 

Handovsky  and  Wagner"  in  working  with  lecithin  suspension^c— is 
found  the  viscosity  to  decrease  when  electrolytes  were  adde<"  ai, 
and  to  increase  when  narcotics  were  added.  Their  measu: 
ments,  however,  cannot  easily  be  compared  with  the  foregoinj 
for  the  results  are  not  given  in  absolute  units. 

That  the  lipoid  solvents,  which  are  anesthetics,  cause  wc  -  11 
marked  changes  in  the  viscosity  of  lecithin  suspensions,  and  thf==it 
in  the  case  of  ether  at  least,  the  viscosity  decreases  again  afi 
the  removal  of  the  lipoid  solvent,  are  facts  to  be  considered 
the  theoretical  explanation  of  anesthesia  from  a  physicochemic-^»l 
point  of  view;  for  the  lipoids  are  widely  distributed  in  nervo« — is 
and  other  irritable  tissues. 

In  conclusion  it  may  be  said  that  with  but  few  exceptions  ttrne 
electrolytes  studied  decrease  both  the  osmotic  pressure  and  tfc^^^e 
viscosity  of  lecithin  suspensions,  while  with  the  lipoid  solven^  ^ 
an  increase  of  both  was  observed.  This  change  may  be  regard^^d 
as  due  to  either  a  mechanical  or  a  chemical  alteration  of  tfc^^ 
suspensions,  or  to  both. 


»  Bingham,  E.  C,  and  Durham,  T.  C,  Am.  Chem.  Jour,,  1911,  xlvi,  T^^- 
*°Schibig,  J.,  hilernal.  Ztschr.  physikal.-chem.,  Biol.,  1914,  i,  260. 
"  Handovsky,  H.,  and  Wagner.  R.,  Biochem.  Ztschr. ,  1911,  xxxi,  32. 
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(Received  for  publication,  September  29,  1915.) 

Despite  the  tremendous  amount  of  work  which  has  been  in- 
spired by  Abderhalden's  idea  of  protective  ferments,  there  has 
as  yet  been  no  indication  of  an  approach  to  universal  agreement 
concernmg  their  specificity  or  utiUty  for  diagnostic  purposes. 
The  value  of  the  *'Abderhalden  reaction,"  even  for  the  detection 
of  pregnancy,  to  say  nothing  of  the  diagnosis  of  less  readily 
defined  pathological  conditions,  is  as  much  a  matter  of  conten- 
tion at  present  as  when  attempts  to  utilize  the  reaction  first  be- 
came general.  The  number  of  papers  which  have  appeared  both 
for  and  against  the  reliability  of  the  reaction  is  so  great  that 
we  shall  attempt  no  review  of  the  literature,  most  of  which  is 
cited  in  the  bibUography  of  the  latest  edition  of  Abderhalden's 
"  Abwehrfermente. " 

The  present  work  was  undertaken  in  the  hope  of  providing 
for  the  measurement  of  serum  protease  a  quantitative  method 
suflSciently  simple,  accurate,  free  from  subjective  influence,  and 
8p)ecific  for  proteolysis  to  afford  definite  conclusions  concerning 
at  least  the  facts  of  the  Abderhalden,  reaction. 

In  attempting  to  ascertain  the  latter  we  have  not  investigated 
any  of  the  applications  of  the  Abderhalden  reaction  to  pathology, 
but  have  confined  ourselves  to  a  study  of  pregnant  compared 
with  normal  sera;  because  with  these,  according  to  the  work  of 
Abderhalden,  one  should  certainly  expect  the  most  clear  cut  and 

*  Preliminary  reports  of  the  work  here  presented  have  been  published  in 
Proc.  Soc.  Exper.  BioL  and  Med.,  Van  Slyke,  D.  D.,  and  Vinograd,  M., 
1^14,  xi,  154;  Van  Slyke,  D.  D.,  Vinograd,  M.,  and  Losee,  J.  R.,  i6id.,  1915, 
xii,  166. 
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reliable  results.  There  is,  furthermore,  no  chance  for  error  ^ 
final  confirmation  of  the  diagnosis. 

The  method  in  most  general  use  h^s  been  Abderhalden's  "dial:::^y- 
sis  method,"  which,  as  described  in  the  "Abwehrfermente,"  is 
so  well  known  that  description  here  is  unnecessary.  The  fa«^  -ct 
that  the  method  is  not  quantitative,  and  that  even  after  the  pr^^^ 
cedure  has  been  successfully  carried  through  all  the  preliminar — 
details  the  final  decision  as  to  whether  the  result  is  positive  cz-^r 
negative  is  based  on  the  matching  of  colors,  leaves  the  resulMtfis 

peculiarly  open  to  subjective  influence  on  the  part  of  the  manipi  

lator.   Aside  from  this,  the  points  for  the  possible  introductic^  ti 
of  errors  are  so  numerous  that  it  appeared  possible,  as  Abde^K- 
halden  has  contended,  that  every  failure  by  others  to  get  goo-  -^l 
results  with  the  dialysis  method  has  been  due  to  errors 
technique. 

The  other  method  which  has  been  chiefly  utilized  by  th^e 
Abderhalden  school  has  been  the  optical  one,  in  which  serum  ^ 
incubated  with  peptone  substrate,  and  the  change  in  rotatic^^n 
observed  in  a  polariscope.  As  the  nature  and  optical  rotatic:»n 
of  the  products  are  unknown,  however,  it  is  diflScult  to  give  ft 
definite  interpretation  to  the  results.  A  technical  diflSlculty  lie^  s, 
furthermore,  in  the  slightness  of  the  changes  frequently  observe^^- 
Being  only  a  few  hundredths  of  a  degree,  they  often  lie  barei^By 
outside  the  possible  limits  of  error  in  reading  the  instrument. 

In  the  attempt  to  obtain  quantitative  results,  Michaelis'  utilised  t^^^® 
familiar  principle  of  measuring  proteolysis  by  determining  the  no  - — ^' 
coagulable  nitrogen.  After  the  serum  had  been  incubated  with  substra  ^® 
the  proteins  were  precipitated  by  Michaelis  and  Rona's  well  known  collc^^*' 
dal  ferric  hydrate  method,  and  the  amount  of  nitrogen  in  the  filtrate  wt — 
determined.  Michaelis  himself  found  the  results  by  this  method  of 
little  diagnostic  value  as  those  he  obtained  by  the  dialysis  procedure,  b^*** 
the  colloidal  iron  method  was  later  adopted  by  Abderhalden  with  excelle^^** 
results.  Other  modes  of  coagulation  have  since  been  used,  with  varyin^^^ 
success. 

Another  attempt  to  make  the  reaction  quantitative  was  made  durinrrag 
the  past  year  by  Thar  and  Kotschneff,'  utilizing  the  amino  nitrogen  methcn:^^ 

*  Michaelis,  L.,  and  Lagermarck,  L.  v.,  Deutsche  med.  Wchnschr.,  19i —  ^» 
xl,  317. 

»  Thar,  H.,  and  Kotschneff,  N.,  Biochem.  Ztschr.,  1914,  Ixiii.  483;19K-  ^> 
Ixix,  389. 
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ivised  by  one  of  the  writers.  The  serum  was  incubated  with  placenta 
iptone,  and  the  resulting  increase  in  amino  nitrogen  in  the  mixture 
termined.  There  was  no  definite  difference  between  the  results  from 
irmal  sera  and  those  from  pregnant  sera.  In  other  experiments,  however, 
which  placenta  and  serum  were  incubated  in  dialyzing  thimbles  and  the 
lino  nitrogen  was  determined  in  the  dialysate,  the  results  were  negative 
th  normal  sera,  but  positive  with  nephritic  as  well  as  with  pregnant  sera, 
le  protease  of  pregnant  sera  did  not  appear  specific  for  placenta  tissue, 
ice  carcinoma  and  lung  tissues  were  also  digested. 

Recently,  on  the  other  hand,  Abderhalden  has  published  a  series  of 
periments^  in  which  a  number  of  sera,  pregnant,  normal,  and  from  ani- 
ftls  in  which  specific  ferments  were  supposed  to  have  been  generated  by 
jection  of  proteins,  were  tested  for  specific  proteases  by  all  of  the  above 
3 1 hods,  as  well  as  the  inter ferometric  method  of  Hirsch,  and  the  same 
suits  were  obtained  without  exception  by  all  the  different  means  utilized. 
L  each  case  where  the  conditions  were  such  as  to  indicate  according  to 
e  theory  that  a  specific  protease  was  to  be  expected  it  was  found,  and  in 
L  other  cases  the  substrates  were  not  attacked  at  all. 

As  a  possible  standard  method  for  measurement  of  serum 
"otease  the  amino  nitrogen  determination  seemed  to  us  par- 
3ularly  promising  for  the  following  reasons:  First,  it  is  quanti- 
live,  and  permits  accurate  results  with  the  small  amounts  of 
aterial  available.  Second,  it  is  specific  for  proteolysis;  it  per- 
its  one  to  follow  the  chemical  change  which  is  characteristic  of 
■otein  hydrolysis;  viz.,  the  transformation  of  non-amino  nitro- 
n  in  the  —  CONH—  peptide  linkings  into  primary  amino 
trogen  as  these  linkings  are  hydrolyzed  with  the  formation  of 
COOH  and  -NH2  groups. 

At  first  we  utilized  the  simplest  possible  conditions.  The 
.bstrate,  dried  at  room  temperature  at  0.5  nmi.  pressure  over 
Jphuric  acid  and  then  pulverized  under  sterile  conditions,  was 
cubated  with  the  serum.  After  incubation  the  mixture  was 
luted  with  a  volume  of  water  equal  to  that  of  the  serum,  centri- 
igated,  and  the  amino  nitrogen  content  in  1  or  2  cc.  was  de- 
jnnined  by  the  micro-amino  method  of  Van  Slyke.  The  results 
ere  compared  with  those  from  control  portions  of  serum  simi- 
sly  treated  in  the  absence  of  substrate. 

Further  experience  showed  that  it  was  advantageous  to  remove 
ae  proteins  before  determining  the  amino  nitrogen.   The  al- 


*  Abderhalden,  E.,  Fermentjorschung,  1914,  i,  20. 
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bumin  and  globulin  of  the  serum  contain,  even  when  undigested, 
8  and  5  per  cent  respectively  of  their  total  nitrogen  in  the  fonn  of 
free  amino  groups,*  representing  the  w-amino  groups  of  the 
lysine  molecules  in  the  proteins.   This  amino  nitrogen  of  the 
intact  serum  proteins  amounted  to  three  or  four  times  the 
maximum  which  we  observed  formed  as  the  result  of  the  di- 
gestion with  the  substrate.   The  percentage  accuracy  with  which 
the  increase  could  be  determined  was  consequently  somewhat 
diminished  by  the  amount  of  amino  nitrogen  present  besides  that 
due  to  digestion.   Also  the  a>-amino  group  of  lysine  requires  15 
to  30  minutes,  according  to  the  temperature,  to  react  completely, 
while  the  a-amino  groups  liberated  during  digestion  react  in  3  to 
4  minutes.    In  5  minutes  a  definite  proportion,  from  80  to  90 
per  cent  of  the  w-nitrogen,  according  to  the  temperature,  reacts 
with  nitrous  acid  under  the  conditions  of  the  determination;  so 
that,  by  running  the  control  determinations  at  the  same  tem- 
perature and  for  the  same  definite  reaction  period  of  3,  4,  or  5 
minutes,  increases  due  to  liberation  of  a-amino  groups  by  pro- 
teolysis can  be  measured  with  a  fair  degree  of  accuracy. 

It  is  much  more  satisfactory,  however,  to  remove  the  undi- 
gested proteins  before  determining  the  amino  nitrogen  of  the 
digestion  products,  and  we  have  found  that  the  Michaelis  colloidal 
ferric  hydrate  method  affords  an  excellent  means  for  accomplish- 
ing the  removal.  As  the  results  by  this  technique  are  more 
accurate  and  the  percentage  increases  in  amino  nitrogen  greater 
than  those  observed  when  the  proteins  are  present,  it  appears 
worth  while  to  publish  only  the  results  obtained  by  the  better 
method.  We  may  state,  however,  that  those  obtained  without 
removal  of  the  proteins  were  of  exactly  the  same  significance 
as  those  given  below. 

Experiments  with  the  Colloidal  Ferric  Hydrate  Method  in  Preparing 
Serum  for  Amino  Nitrogen  Determination, 

C.  G.  L.  Wolf  has  already  shown  that  Michaelis'  colloidal 
ferric  hydrate  method  is  suitable  for  removing  the  proteins  from 
blood  in  order  to  obtain  a  filtrate  for  quantitative  determination 

*  Hartley,  P.,  Biochcm.  Jour.,  1914,  viii,  541.  Van  Slyke,  D.  D.,  and 
Birchard,  F.  J.,  Jour.  ^loL  Chem.,  1913-14,  xvi,  539. 
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of  free  amino  nitrogen.*   In  experiments  on  Witte  peptone  and 
partially  digested  proteins  to  be  published  later  we  have  found, 
furthermore,  that  colloidal  ferric  hydrate  not  only  lets  all  the 
amino-acids  go  through  into  the  filtrate,  but  that  it  also  pre- 
cipitates none  of  the  intermediary  products  up  to  the  albumoses, 
and  none  of  these  except  some  of  complexity  but  little  below  that 
of  the  original  proteins  (proportion  of  amino  nitrogen  was  but 
6  to  7  per  cent  of  the  total  in  the  precipitated  albumoses).  As 
the  precipitation  of  the  native  proteins  themselves  is  complete, 
colloidal  ferric  hydrate  appears  especially  well  adapted  to  our 
purpose. 

The  following  experiments  show  that  closely  agreeing  results 
are  obtained,  even  when  the  conditions  of  precipitation  are  not 
kept  at  all  constant.  In  each  case  2  cc.  of  normal  horse  serum, 
containing  7.5  per  cent  of  protein,  were  diluted  with  20  cc.  of 
water  and  heated  to  boiling.  The  designated  amount  of  Merck's 
colloidal  ferric  hydrate  (containing  5  per  cent  of  FejOa)  was 
then  added  drop  by  drop.  After  a  few  seconds'  boiling  the  mag- 
nesium sulphate,  a  solution  made  by  dissolving  MgS04.7H20 
in  an  equal  weight  of  water,  was  added  to  coagulate  the  ex- 
cess of  iron.  The  solution  was  then  filtered  through  a  folded 
paper  into  a  100  cc.  Jena  glass  evaporating  dish  and  washed 
four  or  five  times  with  hot  water.  The  filtrate  was  in  every  case 
except  No.  7  water-clear.  It  was  evaporated  to  dryness  on  the 
steam  bath,  the  solution  being  transferred  toward  the  end  of 
the  evaporation  to  a  dish  of  only  4  or  5  cm.  diameter.  The  dry 
residue  was  redissolved  in  0.5  cc.  of  water,  and  transferred  to  the 
burette  of  the  micro-amino  apparatus.  The  apparatus  had 
already  been  charged  with  nitrous  acid  and  freed  from  air  (first 
stage  of  amino  nitrogen  determination).  The  dish  and  burette 
were  then  washed  with  three  more  portions  of  0.3  cc.  each  of 
water,  and  the  apparatus  was  shaken  4  minutes,  the  determi- 
nation being  completed  in  the  usual  manner.  The  correction  for 
the  reagents  was  0.040  cc.  of  gas.  The  corrected  readings  of 
nitrogen  gas  are  given  in  the  following  table. 


•Wolf,  C.  G.  L.,  Jour.  Physiol.,  1914,  xlix,  89. 
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TABLE  I. 


Col- 
lodial 

MgS04 

Nitrocen^ 
at  24*.  754  v=S 

m 

No. 

Serum. 

iron 

solu- 

Nature of  precipitate  and  filtration. 

obtaixied  k. 

solu- 

tion. 

amino  nitxc^ 

tion. 

detenniuati^ 

cc. 

cc. 

cc. 

ce. 

1 

2 

3 

1 

Filtered  clear  but  slowly.  Pre- 
cipitate bulky,  apparently 
containing  large  excess  of 
Fe(OH)a 

0.311 

2 

2 

3 

1 

0.311 

J 

3 

2 

2 

0.5 

Filtered  clear  and  more  rapidly 
than  1  and  2.  Precipitate 
less  bulky 

0.304 

4 

2 

1 

0.5 

Ideal  precipitation.  Precipitate 
settled  at  once.  Filtrate 
came  through  water-clear, 
and  nearly  as  rapidly  as  hot 
water  through  an  empty  filter 
paper 

0.313 

5 

2 

1 

0.5 

0.310 

6 

2 

1 

0.5 

0.306 

7 

2 

0.5 

0.5 

Too  little  iron  used.  Protein 
not  all  precipitated.  Solu- 
tion foamed  and  clogged  filter 
paper.  Filtrate  showed  biu- 
ret and  Heller's  test 

Preparation  and  Testing  of  Placenta  Substrate, 

We  have  utilized  placentas  prepared  in  three  different  way^ 

(1)  According  to  Abderhalden's  directions  in  every  possib^^^® 
detail,  and  preserved  in  water  under  toluene.  (2)  Preparn^^ 
practically  the  same  as  (1),  but  dried  at  room  temperature  an:^^ 
0.5  nmi.  pressure,  pulverized,  and  preserved  dry  in  sterile  bottle^^"^* 
(3)  According  to  the  method  recently  reconmiended  by  Prej^^^' 
as  an  improvement  on  Abderhalden's.    The  Pregl  method,  hks^^ 

(2)  ,  yields  dry,  pulverized  material. 

Abderhalden  lays  especial  emphasis  on  the  necessity  for  tfc^^ 
careful  preparation  of  the  placenta  substrate  in  a  condition  fr^^ 
from  soluble  nitrogen  capable  of  giving  the  ninhydrin  test  fo'' 


^  Prep;!.  F.,  Fertfuntforschung,  1014,  i,  7. 
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-acids,  free  from  hemoglobin,  but  not  deprived  of  the 
te  epithelial  tissue,  which  appears  to  be  or  to  contain  the 
c  substrate  attacked  by  the  serum  protease.  All  of  the 
itas  were  prepared  with  the  strictest  regard  to  the  pre- 
d  precautions.  They  were  brought  immediately  from  the 
ting  room  to  the  laboratory  of  the  Lying-in  Hospital,  and 
ashing  was  begun  while  they  were  still  warm.  All  used  in 
ork  reported  here  were  prepared  after  considerable  experi- 
had  been  gained  during  the  preliminary  work  spent  in 
)ping  the  technique  finally  adopted  for  carrying  out  the 
reaction.  Also,  one  of  us,  L.,  had  had  previous  experience 
sparing  placentas  for  the  Abderhalden  reaction.  We  be- 
that  our  substrates  met  the  requirements  cited  by  Abder- 
1  as  closely  as  extreme  care  and  a  fair  amount  of  experi- 
ould  render  possible. 

!  placenta  tissues  were  tested  at  intervals  for  amino  nitro- 
>r  digesting  0.1  gram  of  dry  tissue,  or  as  nearly  as  could  be 
i  an  equivalent  of  the  wet,  with  2  cc.  of  water  for  16  hours 
!  incubator,  clearing  the  mixture  with  colloidal  iron,  and 
[lining  the  amino  nitrogen  in  the  filtrate.  In  no  case  was  a 
ita  used  which  yielded  more  than  0.01  cc.  of  nitrogen  gas. 
le  of  the  water  extracts  showed  any  trace  of  hemoglobin, 
.ssue  preparations  themselves  were  quite  white, 
sterility,  both  of  the  substrates  and  of  all  the  operations 
3ted  with  the  reaction,  was  occasionally  controlled  by  plat- 
rum  which  had  been  digested  with  substrate  in  the  usual 
jr.  Most  of  the  plates  were  sterile  after  48  hours'  incu- 
.  A  few  showed  isolated  colonies.  We  believe  that  the 
ice  of  bacterial  contamination  on  our  results  has  been 
ed. 

Pregl  placentas  (Class  3)  as  well  as  those  prepared  accord- 
»  Abderhalden  met  the  tests  described  above.  A  large 
it  of  the  tissue  was  lost  as  the  result  of  the  harsh  mechanical 
lent  involved  in  the  Pregl  preparation,  and  the  portion  which 
ft  both  looked  and  behaved  chiefly  like  resistant  connective 
The  results  obtained  with  it  were  different  from  those 
ed  with  the  Abderhalden  substrates  only  in  that  the  Pregl 
tas  gave  smaller  amounts  of  digestion  products  with  both 
1  and  pregnant  sera. 
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Details  of  Preparation  of  Placenta. — About  5  minutes  after  deliver"*^  n» 
the  placenta  was  placed  in  a  basin  with  physiological  salt  solution  aK*^^^ 
kneaded  therein  for  the  purpose  of  forcing  the  blood  out  of  the  vesseK^  ^bIb. 
Fresh  portions  oi  salt  solution,  alternated  with  distilled  water,  were  adde^^^^, 
about  2  liters  being  used  for  each  washing.   This  kneading  and  washiiKi  -Sng 
continued  until  the  placenta  was  nearly  decolorized.   After  several  wasF  .*-Jh- 
ings,  the  placenta  appeared  as  a  pink  colored  mass,  and  the  most  difficii^  ^'It 
part  of  the  work  was  to  remove  this  color.   This  required  many  washingi^^Ss. 
Toward  the  end  of  the  washing  process,  the  blood  vessels  were  carefulK^  -Jly 
cut  away  from  the  placental  tissue  with  small  scissors.   After  the  tissi.  ^nje 
was  freed  from  blood  vessels  the  washing  was  continued  for  some  timv  e, 
until  the  pink  color  disappeared  entirely.   The  parts  of  the  tissue  whic — 
were  not  suflSciently  decolorized  were  separated  and  thrown  away.   Tlrr-  le 
whole  washing  period  took  from  3  to  4  hours. 

Not  all  the  placentas  could  be  washed  satisfactorily,  as  some  of  thei^^vn 

retained  some  pink  color  even  after  numerous  washings.   Only  the  entire!  y 

decolorized  placentas  were  used. 

The  coagulation  of  the  proteins  of  the  placenta  and  the  extraction  c  jf 
amino-acids  were  accomplished  by  boiling  the  tissue  in  water  slightly  y 
acidified  with  acetic  acid.  The  amount  of  water  used  each  time  was  aboi^Mt 
ten  times  the  amount  of  placental  tissue,  and  the  boiling  was  repeater  d 
five  or  six  times.  The  first  time  the  boiling  was  continued  for  SOminute^^^; 
the  subsequent  boilings  were  kept  up  for  5  minutes  each. 

The  placenta  prepared  by  the  above  method,  together  with  some  of  tfa^K-e 
water  used  in  the  last  boiling,  was  placed  in  a  glass-stoppered  bottle  c  >f 
such  size  that  it  was  filled  to  about  three-fourths  of  its  capacity,  and  the  n 
sufficient  toluene  was  added  to  completely  fill  it.   The  bottles  were  kec 
in  an  ice  chest. 

In  Placentas  1  to  7  only,  which  were  prepared  in  dry  powder  form,  tl^^ae 
Abderhalden  method  was  varied  as  follows.  The  time  of  the  washii=:«|? 
process  was  considerably  shortened  by  the  use  of  1  per  cent  solution  -^)f 
sodium  citrate  for  the  first  washing.  This  prevented  the  blood  fn^-  m 
coagulating.  From  this  stage  on  the  usual  method  of  washing  was  U — 
lowed.  After  the  last  boiling,  the  water  was  carefully  decanted  and  t^^fce 
tissues  were  rapidly  dried  in  a  desiccator  under  0.5  mm.  pressure,  th^^en 
pulverized  under  sterile  conditions.  The  powder  was  kept  in  a  ster^v-le 
glass-stoppered  bottle  at  room  temperature. 

In  the  preparation  of  the  Pregl  placentas  Pregl's  directions  were  fc  ^l- 
lowed  entirely. 

Details  of  the  Serum  Test. 

The  blood  was  allowed  to  stand  for  3  to  4  hours  in  the  steriJe 
tube  into  which  it  had  been  drawn,  in  order  to  allow  time  Cor 
the  clot  to  contract.    The  serum  was  then  decanted  off,  centri/- 
ugated,  and  the  clear  serum  removed  with  a  pipette.  The 


Van  Slyke,  Vinograd-Villchur,  and  Losee  385 


irum  was  then  submitted  to  a  second  centrifugation,  in  order 
)  make  certain  that  all  formed  elements  were  removed. 
«peated  microscopic  examinations  failed  regularly  to  reveal 
dls  of  any  type  in  the  serum  after  the  second  centrifugation. 
;  was  also  free  from  hemoglobin. 

Of  the  clear  serum  2  cc.  measured  with  a  bulb  pipette  were 
.aced  in  a  sterile  tube  with  the  substrate  and  covered  with  a 
yer  of  toluene  2  or  3  cm.  deep.  When  dry  pulverized  placenta 
as  used  as  the  substrate  0.100  gram  was  weighed  out  on  a  sheet 
•  aluminum  foil  which  had  inmiediately  before  been  sterilized 
I  a  flame.  When  wet  substrate  was  used,  preliminary  tests  were 
lade  to  ascertain  the  approximate  bulk  of  the  substance  which 
>ntained  0.1  gram  of  dry  material,  and  this  amount  was  after- 
ards  taken,  as  nearly  as  could  be  judged  by  the  eye,  for  incubation 
ith  the  serum.  Care  was  taken  that  no  pieces  of  substrate 
dhered  to  the  sides  of  the  tube  above  the  toluene.  Controls 
ere  prepared  in  the  same  way,  except  that  no  placenta  was  added, 
'he  tubes  were  stoppered  with  sterile  cotton  and  placed  in  the 
icubator  at  37°  for  16  hours. 

At  the  end  of  this  time  the  contents  were  washed  into  a  Jena 
eaker  of  100  cc.  capacity,  about  20  cc.  of  water  being  used  in  the 
•ansfer.  The  mixture  was  heated  until  it  began  to  boil,  then 
lerck's  colloidal  ferric  hydrate  (containing  5  per  cent  of  Fe208) 
as  added  from  a  pipette  drop  by  drop,  1  cc.  for  the  controls, 
cc.  for  the  mixtures  containing  substrate.  The  Uquid  was  boiled 
)r  15  seconds  or  longer  after  all  the  colloidal  ferric  hydrate  had 
een  added,  then  0.5  cc.  of  al :  1  solution  of  crystalline  magnesium 
ilphate  was  added,  and  the  boiling  continued  for  another  frac- 
ion  of  a  minute.  The  precipitate  was  then  allowed  to  settle, 
nd  the  solution  decanted  through  a  small  folded  filter  into  a  Jena 
lass  evaporating  dish  of  about  100  cc.  capacity.  The  precipitate 
ras  then  washed  several  times,  partly  by  decantation,  partly 
n  the  filter,  with  hot  water,  the  volume  of  the  portions  being  so 
egulated  that  the  combined  filtrate  and  washings  nearly  filled 
he  evaporating  dish.  The  precipitate  was  granular,  and  could 
►e  washed  so  rapidly  that  both  coagulation  and  washing  were 
asily  completed  in  five  minutes.  The  washing  removes  every 
aeasurable  trace  of  uncoagulated  amino  nitrogen.  We  repeatedly 
ubmitted  precipitates  to  a  repetition  of  the  washing,  evaporated 
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the  filtrates  from  the  second  washings  separately,  and  attemp^^^ 
to  determine  amino  nitrogen  in  them.  The  results  were  alw^^^ys 
negative. 

The  filtrates  obtained  as  above  were  evaporated  on  the  ste^  ■■■im 
bath  until  they  were  dry,  or  only  a  few  drops  of  water  remaiQ^sed. 
Standing  on  the  bath  for  an  hour  after  they  had  become  (i^Miy 
did  not  appear  to  affect  the  amino  nitrogen  content  of  the  residu""«s, 
but  the  dishes  were  regularly  removed  from  the  bath  within  at 
most  a  half  hour  after  the  water  had  evaporated,  and  usua^Hly 
within  a  few  minutes. 

The  quantitative  removal  of  the  redissolved  residue  to  trUe 
micro-amino  apparatus  was  rendered  more  easy  by  transferrL:»g 
the  solution,  after  it  had  been  concentrated  to  a  few  cc,  i»  a 
smaller  evaporating  dish,  and  completing  the  concentration  in 
that. 

The  final  residue  was  redissolved  in  0.5  cc.  of  water,  with  t^-^He 
aid  of  a  slender,  rubber-tipped  stirring  rod.   The  micro-Ami — =no 
apparatus^  was  then  charged  with  nitrous  acid  and  freed  from  :^mii 
by  two  minutes'  shaking  (first  stage  of  the  amino  nitrogen  det^«r- 
mination).   The  solution  from  the  evaporating  dish  was  tl^ — en 
poured  into  the  burette  of  the  amino  apparatus  and  the  dish  ^w-^as 
washed  with  three  successive  portions  of  0.3  cc.  of  water  eacn^h, 
each  portion  being  so  guided  by  the  rod  during  the  transfer  to 
the  burette  that  the  inner  wall  of  the  latter  was  washed  do«^ 
around  the  entire  circumference.    Each  portion  of  the  washi— 
solution  was  admitted  from  the  burette  into  the  deaminizL:«g 
chamber,  so  that  the  three  portions  used  washed  thorougb^Jy 
both  the  evaporating  dish  and  the  burette,  and  transferred  t>ie 
entire  serum  residue  to  the  deaminizing  vessel  of  the  amL»o 
apparatus.    Less  than  a  minute  suJEced  for  the  entire  transfer, 
and  it  was  performed  in  approximately  the  same  time  for  tybe 
residues  from  the  control  tube  and  the  tube  containing  placen'fca, 
so  that  the  periods  during  which  each  was  acted  on  by  t^he 
nitrous  acid  should  be  as  nearly  as  possible  equal.    As  soon  as  1 
the  transfer  was  complete  the  apparatus  was  shaken  for  either  4  J 
or  5  minutes,  according  as  the  temperature  was  above  or  below  I 

•  The  form  of  apparatus  used  was  that  described  in  the  note  following  I 
this  article.  I 
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20°.  The  determination  was  completed  in  the  usual  manner, 
SLud  the  volume  of  nitrogen  read  off  in  the  gas  burette. 

Reference  to  Table  I  and  to  the  duplicate  controls  in  the  tests 
^with  human  serum  shows  that  the  errors  accumulated  during  the 
entire  manipulation  seldom  caused  variation  in  the  final  result 
exceeding  0.01  cc.  of  nitrogen  g&s.  The  amounts  of  nitrogen 
^as  (corrected  for  the  reagents)  from  the  controls  varied  from 
©.18  to  0.28  cc.  The  presence  of  placenta  substrate  during  the 
incubation  caused  increases  usually  between  0.05  and  0.20  cc. 
sLnd  sometimes  over  0.25  cc.  The  changes  observed  were,  there- 
fore, many  times  greater  than  the  experimental  error. 

It  was  thought  that  submitting  the  serum  residues  to  acid 
liydrolysis,  thereby  changing  peptones  resulting  from  digestion 
of  serum  or  substrate  into  amino-acids,  might,  through  increasing 
"the  volume  of  gas  obtained  to  measure,  make  the  method  still 
more  sensitive.  It  was  found,  as  a  matter  of  fact,  that  the  in- 
<;reases  averaged  about  three  times  as  great  as  those  above  men- 
t^ioned,  indicating  that  the  average  complexity  of  the  proteolytic 
products  in  the  colloidal  iron  filtrate  was  very  roughly  approxi- 
xnated,  that  of  tripeptides.  The  results  are  given  in  Table  II 
chiefly  because  this  point  may  be  of  interest.  For  these  determi- 
nations the  residues  were  taken  up  in  20  per  cent  hydrochloric 
acid  instead  of  water,  and  were  heated  in  loosely  stoppered  tubes 
at  100°  for  24  hours  to  hydrolyze  the  peptone.  The  solutions 
ivere  then  evaporated  to  dryness  on  the  water  bath,  and  used  for 
amino  nitrogen  determinations.  The  addition  of  the  hydrolytic 
treatment  to  the  process,  however,  increased  the  error  in  the 
controls  from  0.01  cc.  to  about  0.05  cc.  of  nitrogen  gas.  Con- 
sequently hydrolysis  added  nothing  to  the  accuracy  of  the  method, 
and  the  procedure  adopted  as  the  standard  is  the  simpler  one 
outlined  in  the  previous  paragraphs. 

RESULTS. 

The  nature  of  the  results  is  so  readily  apparent  from  inspection 
of  the  tables,  and  particularly  of  the  charts,  that  discussion  seems 
imnecessary.  The  conclusions  which  appear  evident  from  them 
are  stated  in  the  following  summary. 
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SUMMARY. 

A  simple  and  quantitative  method  has  been  established  for 
measuring  by  amino  nitrogen  determination  the  extent  of  the 
proteolysis  occurring  when  serum  and  substrate  are  incubated 
as  in  the  Abderhalden  reaction.  The  mixture  after  incubation 
is  freed  from  protein  with  colloidal  ferric  hydrate,  the  filtrate 
evaporated,  and  the  free  amino  nitrogen  in  it  determined  with 
the  micro-amino  apparatus.  The  increases  in  amino  nitrogen 
observed  when  digestion  occurs  are  many  times  greater  than  the 
experimental  error  of  the  method;  so  that  it  appears  possible  to 
rule  out  the  latter  as  a  factor  in  the  results. 

As  controls,  normal,  not  pathological,  sera  have  been  used; 
although  as  a  point  of  independent  interest,  some  determinations 
on  pneumonic  sera  are  reported. 

Practically  every  serum,  whether  from  a  pregnant  or  a  non- 
pregnant individual,  showed  protein  digestion  when  incubated 
with  placenta  tissue  prepared  according  to  Abderhalden.  The 
range  of  individual  variation  in  proteolytic  activity  was  wide. 
The  range  covered  by  most  of  the  normal  sera  was,  however, 
identical  with  that  covered  by  the  majority  of  the  pregnant  sera. 
As  can  be  seen  by  reference  to  the  charts,  there  is  a  tendency  for 
the  results  from  the  pregnant  sera  to  average  somewhat  higher 
than  those  from  non-pregnant.  The  difference,  even  in  the  aver- 
ages, is  not  great,  however;  and  the  individual  variations  of  both 
pregnant  and  non-pregnant  sera  make  the  results  from  both 
overlap  so  completely  as  to  render  the  reaction,  even  with  quan- 
titative technique,  absolutely  indecisive  for  either  positive  or 
negative  diagnosis  of  pregnancy.  The  force  of  this  statement 
is  made  apparent  by  even  a  cursory  examination  of  the  charted 
results. 

Further  evidence  of  non-specificity  is  seen  in  the  fact  that 
carcinoma  tissue  was  digested  to  about  the  same  extent  as  was 
placenta. 

It  appears  that  nearly  all  human  sera  can  digest  certam  c^' 
agulated  tissue  proteins  to  some  extent,  but  that  the  source  and 
significance  of  the  proteolytic  agents,  and  the  influences  that 
cause  their  fluctuation,  remain  as  yet  undetermined. 
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and  to  Dr.  Cragin  and  Dr.  Frederick  Lyon  of  the  Sloane  Hos- 
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EXPLANATION  OF  FIGURES. 

The  figures  present  graphically  the  extent  of  digestion  observed  with 
the  different  sera  and  substrates  and  expressed  numerically  in  the  last 
columns  of  the  tables. 

The  abscissae  represent  values  of  the  difference  (cc.  of  Na  from  2  cc. 
serum  incubated  with  placenta)  —  (cc.  of  Ns  from  2  cc.  serum  incubated 
alone);  i.e.j  the  abscissa?  give  in  terms  of  amino  nitrogen  the  extent  of 
protein  digestion  caused  by  the  interaction  of  serum  and  placenta. 

Results  from  normal  male  sera  are  indicated  by  • 
"     female"     "        "       "  • 
pregnant  sera      "        "       "  x 
"       "      pneumonic  sera  "         "       "  □ 

The  results  obtained  with  each  placenta  are  grouped  between  a  pair  of 
horizontal  lines,  each  circle,  cross,  or  square  representing  the  result  ob- 
tained with  the  serum  of  one  individual  acting  on  the  placenta  indicated , 
(In  Table  II  results  with  one  carcinoma  tissue  are  also  given.) 
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394  Abderhalden  Reaction 

TABLE  I  A. 


Normal  Men.   Standard  Method  (Filtrates  Not  Hydrolyzed) . 


*o 

h 

i 

No. 

Condition. 

a 
§1 

SubBtimte. 

81 

fi  > 

S  3 

Amol 
sen 

II 

C  *" 

Oe>«  is 

ec. 

cc. 

cr. 

cc. 

1 

Normal 

2 

— 

0.25 

— 

— 

— 

0.245 

— 

— 

— 

0.255 

— 

ft 

Placenta  6 

0.33 

0.08 

0.08 

2 

Normal 



0.275 





Placenta  6 

0.39 

0.115 

0.115 

ft 

7 

0.43 

0.155 

0.155 

3 

Normal 

0.245 

0.265 

Placenta  6 

0.32 

0.07 

0.07 

7 

0.40 

0.15 

0.15 

4 

Normal 

0.265 

Placenta  6 

0.31 

0.045 

0.045 

O 

iNormai 

n  io 

U.lv 

U.loO 

jTiaceuba  o 

U  .UCM 

u.uoo 

f 

U  .04 

n  1 

U.iOo 

u.  loo 

6 

Normal 

0.22 

Placenta  3 

•0.35 

0.13 

0.13 

7 

Normal 

0.25 

0.245 

0.255 

Placenta  11 

0.30 

0.05 

0.05 

12 

0.31 

0.06 

0.06 

13 

0.29 

0.04 

0.04 

14 

0.32 

0.07 

0.07 

15 

0.30 

0.05 

0.05 

17 

0.35 

0.10 

0.10 

8 

Normal 

0.275 

Placenta  11 

0.28 

0.005 

0.005 

12 

0.27 

13 

0.27 

14 

0.39 

0.115 

0.116 

15 

0.45 

o.m 

0.175 

16 

0.33 

0.055 

0.065 

17 

0.40 

0.126 

0.125 

TABLE  I  A-^onHnu^. 


h 

No. 

Condition. 

a  a 

< 

Subrtrate. 

II 

is 

gM  8 

cc. 

ee. 

cc. 

cc. 

9 

Normal 

2 



0.28 

— 





0.276 

— 

— 

Placenta  11 

0.32 

0.043 

0.043 

12 

0.30 

0.023 

0.023 

13 

0.29 

0.013 

0.013 

14 

0.33 

0.053 

0.053 

15 

0.38 

0.103 

0.103 

16 

0.33 

0.053 

0.053 

17 

0.42 

0.143 

0.143 

Carcinoma  uteri 

0.38 

0.103 

0.103 

10 

Normal 



0.245 

— 



— 

0.255 

— 



Placenta  11 

0.27 

0.02 

0.02 

12 

0.275 

0.025 

0.025 

13 

0.28 

0.03 

0.03 

14 

0.33 

0.08 

0.08 

*• 

15 

0.36 

0.11 

0.11 

16 

0.34 

0.09 

0.09 

** 

17 

0.43 

0.18 

0.18 

Carcinoma  uteri 

0.46 

0.21 

0.21 

11 

Normal 

2 



0.265 





— 

0.265 

— 

— 

Placenta  11 

0.265 

— 

— 

12 

0.260 

— 

— 

13 

0.260 

— 

— 

14 

0.30 

0.035 

0.035 

15 

0.32 

0.055 

0.055 

16 

0.27 

0.005 

0.005 

17 

0.37 

0.105 

0.105 

Carcinoma  uteri 

0.32 

0.055 

0.055 

12 

Normal 

2 

0.255 

0.260 

Placenta  14 

0.3.55 

0.098 

0.098 

15 

0.35 

0.093 

0.093 

16 

0.31 

0.053 

0  053 

17 

0.39 

0.133 

0  133 

13 

Normal 

0.19 

0.185 

Placenta  13 

0.21 

0.023 

0.023 

14 

0.31 

0.123 

0.123 

15 

0.30 

0.113 

0.113 

16 

0.31 

0.123 

0.123 

17 

0.39 

0.203 

0.203 

Carcinoma  uteri 

0.408 

0.221 

0.221 
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TABLE  I B. 


Non-Pregnant  Women.   Standard  Method. 


*o 

h 

to 

Ck 

No. 

Condition. 

Amount 
Berum. 

Substrate. 

Nitrogei 
obtain 

Increase 
served 

S  o  g 

cc. 

cc. 

cc. 

tx. 

14 

1/1  ^OOV  CklJ 

SCC88.  Nor- 
mal temper- 
ature Nov. 
18.  Blood 
was  taken 
Nov.  24. 

it 

PI  APPTlf.A  S 

U  .oo 

0.60 

0.22 

0.22 

15 

Uterus  pro- 

2 

0.44 

lapse;  posi- 

it 

Placenta  3 

0.15 

tive  Wasser- 

mann 

16 

Normal 

2 



0.11 

— 

(( 

— 

0.10 

_ 

it 

Placenta  3 

0.16 

0.055 

O.C55 

17 

Normal 

2 

0.11 

it 

Placenta  3 

0  21 

0.10 

0.10 

18 

Normal 

2 

0.28 

<  ( 

Placenta  3 

0.43 

0.15 

0.15 

a 

6 

0.43 

0.15 

0.15 

it 

7 

0.38 

0.10 

0.10 

19 

Normal 

2 

0.255 

it 

Placenta  3 

0.40 

0.145 

0.145, 

20 

Non-pregnant ; 

2 

0.21 

operated  7 
days  ago. 

it 
ti 

Placenta  6 

0.195 
0.28 

0.078 

0.078 

Temperature 
normal 

I  i 

7 

0.31 

0  108 

O.108 

21 

Miscarriage  at 

1.5 

0.19 

4    mos.,  6 

Placenta  14 

0.30 

0.11 

0.147 

mo8.  ago. 

i( 

15 

0.27 

O.OS 

O.lOfi 

lilood  taken 

a 

16 

0.21 

0.02 

0.027 

6  days  after 

( ( 

17 

0.35 

0.16 

0.213 

operation. 

Temperature 

normal 
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TABLE  lB-<!onHnued. 


O 

h 

o 

No. 

Condition. 

Amount 
serum 

Substmte. 

II 
II 

z 

ec. 

ce. 

ec. 

cc. 

22 

2 

0.20 

tt 

0  1Q 

yJ .  X«7 

tt 

PI  A,f*Anf.a.  11 

VI .  l/l  o 

VI .  Vl#  o 

tt 

'*  13 
xo 

VI  .UibU 

VI .  Vl^«> 

tt 

tt 

0.29 

VI .  MVO 

VI .  Vl9V 

tt 

15 

0.28 

0.085 

0.085 

tt 

16 

0.28 

0.085 

0.085 

tt 

"  17 

0.38 

0.185 

0.185 

23 

2 

\J .  aX 

it 

tt 

0  91 
VI .  ^x 

VI  .UVIO 

VI .  VIVIO 

it 

ft  14 

0.28 

VI .  Vl#  o 

Hn.vfl       A.  cm 

tt 

xo 

u .  ox 

VI .  1VK> 

n  in^ 

VI .  XVIO 

Temperature 

tt 

16 

0.25 

0.048 

0.048 

normal 

it 

17 

0.30 

0.098 

0.098 

tt 

Carcinoma  uteri 

0.30 

0.098 

0.098 

24 

1.5 

VI .  xu 

(( 

n  1 

vl .  XOO 

tt 

xlal/Ciila  X'x 

VI .  XaO 

VI .  lOO 

ti 

15 

0.23 

0.073 

0.100 

tt 

it  17 

X  f 

0  9R 

Vl  . 

vl .  IV/O 

n  i4n 

VI .  XtM 

tt 

Carcinoma  uteri 

0.29 

0.133 

0.180 

25 

Normal 

2 

0.20 

t( 

0.20 

tt 

Placenta  13 

0.23 

0.03 

0.03 

14 

0.32 

0.12 

0.12 

(( 

15 

0.23 

0.13 

0.13 

16 

0.26 

0.06 

0.06 

tt 

17 

0.34 

0.14 

0.14 

Carcinoma  uteri 

0.39 

0.19 

0.19 

26 

Never  has 

2 

0.23 

been  preg- 

< ( 

0.23 

nant  ;  nor- 

(( 

Placenta  14 

0.37 

0.14 

0.14 

mal 

t  < 

15 

0.41 

0.18 

0.18 

4  ( 

16 

0.33 

0.10 

0.10 

17 

0.48 

0.25 

0.25 
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TABLE  IB— C<mc2iii«i. 


*o 

l6 

4 

No. 

Ck>odition. 

a 
a  a 

1^ 

Substrate. 

H 

il 

Vi 

cc. 

ee. 

cc. 

cc. 

27 

Normal 

2 

0.28 

0.28 

Placenta  14 

0.39 

0.11 

0.11 

15 

0.43 

0.15 

0.15 

16 

0.36 

0.08 

0.08 

17 

0.46 

0.18 

0.18 

Carcinoma  uteri 

0.46 

0.18 

0.18 

28 

Normal 

2 

0.26 

(f 

0.25 

Placenta  14 

0.33 

0.075 

0.075 

16 

0.36 

0.105 

0.105 

16 

0.33 

0.075 

0.075 
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TABLE  IC. 


Pregnant  Women,   Standard  Method, 


n 

o 

|i 

11 

J» 

P 

rc. 

rc. 

tt. 

2 

ri 
11 

0.26 
0.26 
0.30 

0  04 

0.04 

Pregnant  9 
moil. 

o 

It 

ft 

Placenta  3 

U  .£4 

0.23 
0.35 

0  115 

0  lis 

31 

Fregiuuit  9 

mod* 

2 

Pi  A  AA  n  lift  ft 

0  24 
D  41 

0.17 

0.17 

Inoqmplefce 

2 

ti 
It 

0  34 
0.34 

a.fio 

0.16 

0.10 

2 

n 

ti 
ti 

T 

0.20 
0  21 
0  20 
0  32 

0  085 
0  115 

0  085 
0.1X6 

34 

Fregn&nt  5 

2 

a 
i  i 

Placenta  6 
7 

0.23 
0,22 
1  0.33 
0.34 

0.105 
0,115 

0.105 

as 

Fregnaat  6 

2 

it 
ti 

Placenta  6 

0.17 
0J8 
0.30 
0  30 

0.125 
0.12E 

0.125 
O.I» 

36 

PregQant  6 

Ftacenta  6 

0.18 
0.32 

0.14 

0.14 

37 

Fref  nant  9 

2 
tt 

it 

Plaeeoia  6 

0.2S 
0.2S 
0.42 

0J4 

044 

28 

Preeclamptic 
case 

2 

n 

Placenta  7 

0.23 
0.38 
1— ^ 

0.15 

04ft 
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TABLE  I  C--Continued. 


•o  , 

ft 

No. 

Condition. 

■*» 

§1 

Subatrate. 

ll 

i'f 

."S  o 

r 

1"* 

cc. 

cc. 

oc. 

2 

0.20 

39 

Pregnant  9 

a.pf>ri  f  A. 

]] 

0.26 

0.06 

0.06 

mo8. 

13 

0.265 

0.06S 

0.065 

a 

14 

0.32 

0.12 

0.12 

it 

15 

U.oo 

U.lo 

f\  lit 
U.lo 

tt 

16 

u  .^o 

u  .no 

n  fm 

U.lw 

ft 

n 

17 

n  44 

0.24 

0.19 

0.18 

40 

Pregnant  9 

Placenta 

11 

0.24 

0.05f 

O.0I55 

mo8. 

13 

0.21 

0.025 

0.025 

14 

0.27 

0.085 

0.085 

15 

0.30 

0.115 

0.115 

16 

0.24 

0.055 

0.055 

17 

0.32 

0.135 

0.135 

— 

0.20 

— 

— 

41 

Pregnant  9 

— 

0.19 

— 

— 

mo8. 

Placenta 

11 

0.24 

0.045 

0.045 

it 

13 

0.20 

0.005 

0.005 

a 

15 

0.32 

0.125 

0.125 

tt 

16 

0.21 

0.015 

0.015 

it 

17 

0.36 

0.165 

0165 

0.23 

42 

Pregnant  9 

0.235 

mos. 

Placenta 

11 

0.290 

0.068 

0.068 

13 

0.225 

14 

0.355 

0.123 

0.123 

15 

0.350 

0.118 

0.118 

16 

0.330 

0.098 

0.098 

 «i  

17 

0.360 

0.128 

0.128 

0.29 

43 

Pregnant  9 

0.285 

mos. 

Placenta 

11 

0.37 

0.082 

O.062 

13 

0.37 

0.082 

0.082 

14 

0.45 

0.162 

0.162 

15 

0.53 

0.242 

0.242 

16 

0.41 

0.122 

0.122 

17 

0.64 

0.252 

0.352 
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TABLE  IC-ConUnu4d. 


o 

h 

i 

ii 

No. 

Condition. 

Substrate. 

t| 

!i 

Mi 

r 

cc. 

oe. 

ee. 

ee. 



0.20 



44 

Pregnant  9 

2 

— 

0.20 

mo8. 

(< 

Placenta 

11 

0.33 

0.13 

0.13 

(( 

13 

0.23 

0.03 

0.03 

(( 

II 

14 

0.37 

0.17 

0.17 

II 

15 

0.40 

0.20 

0.20 

11 

16 

U.iUO 

II 

17 

0.45 

0.25 

0.25 



0.18 

45 

Pregnant  9 

2 

Placenta 

11 

0.29 

0.11 

0.11 

mos. 

II 

II 

13 

0.20 

0.02 

0.02 

II 

II 

14 

0.32 

0.14 

0.14 

II 

II 

15 

0.29 

0.11 

0.11 

II 

II 

16 

0.22 

0.04 

0.04 

0.18 

— 

— 

46 

Pregnant  9 

2 

0.185 

— 

— 

mos. 

Placenta 

13 

0.18 

— 

— 

II 

14 

0.32 

0.138 

0.138 

K 

15 

0.35 

0.168 

0.168 

II 

16 

0.275 

0.093 

0.093 

II 

It 

17 

0.42 

0.238 

0.238 

2 

0.20 

47 

Pregnant  5} 

II 

0.21 

mos. 

II 

Placenta 

13 

0.22 

0.015 

0.015 

II 

II 

14 

0.32 

0.115 

0.115 

II 

II 

15 

0.31 

0.105 

0.105 

II 

K 

16 

0.28 

0.075 

0.075 

II 

II 

17 

0.395 

0.190 

0.190 

II 

Carcinoma  uteri 

0.34 

0.135 

0.135 

48 

Pregnant  6 

2 

0.20 

mos.  (Ex- 

II 

0.21 

amined) 

II 

Placenta 

13 

0.25 

0.045 

0.045 

II 

II 

14 

0.31 

0.105 

0.105 

i< 

(1 

15 

0.32 

0.115 

0.115 

II 

II 

16 

0.31 

0.105 

0.105 

II 

II 

17 

0.43 

0.225 

0.225 

Carcinoma  uteri 

0.36 

0.155 

0.155 

THE  JOURNAL  Or  BIOLOGICAL  CHEMISTRY,  VOL.  XXIU,  NO.  1 


402  Abderhalden  Reaction 


TABLE  IC-Oontfrnietf. 


i 

r« 

No. 

Condition. 

li 

Substrate. 

P 

Hi 

S  • 

-< 

tl 

i| 

III 

cc. 

cc. 

cc. 

or. 

49 

Pregnant  5 

2 

0.23 

mo8. 

tt 

_ 

0.22 

ti 

Placenta  13 

0.23 

0.005 

0.005 

tl 

16 

0.39 

0.165 

0.165 

tt 

16 

0.29 

0.065 

0.065 

tl 

17 

0.41 

0.185 

0.185 

50 

Pregnant  6 

2~ 

0.17 

mos. 

tt 

0.18 

tt 

Placenta  13 

0.25 

0.075 

0.075 

tt 

15 

0.28 

0.105 

0.105 

tt 

16 

0.36 

0.185 

0.185 

tt 

17 

0.28 

0.105 

0.105 

51 

Pregnant  6 

0.18 

mos. 

it 

Placenta  14 

0.38 

0.20 

0.20 

tt 

"  15 

0.36 

0.18 

0.18 

tt 

16 

0.28 

O.IO 

0.10 

tt 

17 

0.43 

0.25 

0.25 

Carcinoma  uteri 

0.38 

0.20 

0.20 

2 

0.20 

52 

Pregnant  6} 

0.20 

mos. 

tt 

Placenta  14 

0.43 

0.23 

0.23 

1 

15 

0.18 

0.16 

2 

16 

0.31 

0.11 

0.11 

tt 

17 

0.36 

0.16 

0.16 

tt 

Carcinoma  uteri 

0.38 

0.18 

0.18 

53 

Eclamptic 

2 

0.28 
0.28 

case,  9  mos. 

(( 

Placenta  14 

0.41 

0.13 

0.13 

6  convul- 

(( 

15 

0.42 

0.14 

0.14 

sions 

(< 

16 

0.37 

0.09 

0.09 

(( 

17 

0.46 

0.18 

0.18 

<( 

Carcinoma  uteri 

0.43 

0.15 

0.15 

2 

0.21 

54 

Pregnant  9 

Placenta  11 

0.26 

0.05 

0.05 

mos. 

12 

0.24 

0.03 

0.03 

13 

0.22 

0.01 

0.01 

15 

0.58 

0.17 

0.17 

16 

0.29 

0.08 

0.08 

17 

0.46 

0.25 

0.25 

TABLE  IC—Conduded. 


No. 

Condition. 

Amount  of 
serum. 

Subilnta. 

i 

11 

Increase  per 
2    cc.  of 
serum. 

cc. 

cc. 

ce. 

cc. 

55 

Preeclamptic 

2 

0.22 

case;  preg- 

II 

0.24 

nant  9  mos. 

II 

Placenta  14 

0.35 

0.12 

0.12 

II 

15 

0.36 

0.13 

0.13 

II 

16 

0.30 

0.07 

0.07 

II 

17 

0.45 

0.22 

0.22 

TABLE  II  A. 


Men  and  Non^Pregnant  Women,     FiltraUs  Hydrolyzed. 


o 

No. 

Condition. 

Subetrate. 

ll 

II 

H 

2^ 

cc. 

oc. 

cc. 

cc. 

56 

Wnm  ATI    1 1  f.pr« 

2 

0.44 

US  prolapse; 

II 

0.46 

— 

— 

positive  Was- 

Placenta 

3 

1.00 

0.55 

0.55 

sermann 

II 

II 

5 

1.68 

1.23 

1.23 

57 

Woman,  non- 

2 

0.50 

pregnant; 

II 

Placenta 

3 

1.20 

0.70 

0.70 

normal 

II 

II 

5 

0.91 

0.41 

0.41 

58 

Woman,  non- 

2 

0.35 

pregnant; 

II 

Placenta 

1 

0.55 

0.20 

0.20 

normal 

II 

II 

3 

0.67 

0.32 

0.32 

II 

II 

5 

0.70 

0.35 

0.35 

59 

Man,  normal 

1.4 

0.29 

II 

0.30 

II 

Placenta 

5 

0.39 

0.095 

0.13 

60 

Man,  normal 

1.2 

0.36 

II 

Placenta 

5 

0.38 

0.02 

0.03 

61 

Man,  normal 

1 

0.225 

II 

Placenta 

1 

0.440 

0.215 

0.43 

II 

II 

5 

0.350 

0.125 

0.25 

62 

Woman,  nor- 

1 

0.177 

mal 

<i 

Placenta 

3 

0.690 

0.513 

1.03 

63 

Woman,  nor- 

1 

0.29 

mal 

II 

Placenta 

1 

0.36 

0.07 

0.14 

II 

II 

3 

0.56 

0.27 

0.54 

II 

II 

5 

0.50 

0.21 

0.42 
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TABLE  II B. 


Pregnant  Women,   FiltrcUea  Hydrolyzed. 


o 

No. 

Condition. 

a  a 

9  B 

Subctrate. 

|l 

p 

§s 

•< 

J" 

cc. 

ce. 

CC. 

64 

Pregnant  9 

2 

0.36 

— 



mo8. 

Placenta 

5 

0.80 

0.44 

O  -44 

65 

Pregnant  9 

2 

0.28 

mos. 

(( 

Placenta 

1 

0.62 

0.34 

O  .34 

(( 

II 

3 

0.615 

0.235 

O  .235 

66 

Pregnant  9 

2 

0.26 





mos. 

n 

0.27 

— 

— 

it 

Placenta 

1 

0.83 

0.565 

»  .565 

II 

3 

0.68 

0.415 

.415 

67 

Pregnant  9 

2 

0.26 

— 

— 

mos. 

— 

0.26 

Placenta 

3 

0.30 

0.04 

.04 

(4 

II 

5 

0.44 

0.18 

0.18 

68 

Pregnant  9 

2 

0.26 

mos. 

Placenta 

O 

0.50 

0.240 

C_^-*4U 

60 

Pregnant  9 

2 

0.25 

— 

mos. 

(( 

Placenta 

1 

0.60 

0.35 

0.35 



70 

Pregnant  9 

2 

0.20 

mos. 

t( 

Placenta 

3 

0.44 

0.24 

c:p.24 

ti 

II 

5 

0.46 

0.26 

CF.26 

71 

Pregnant  9 

2 

0.44 

mos. 

0.42 

tt 

Placenta 

5 

0.59 

0.16 

72 

Pregnant  9 

2 

0.34 

mos. 

<  ( 

Placenta 

1 

1.18 

0.84 

OM 

73 

Pregnant  9 

2 

0.41 

mos. 

0.41 

<( 

Placenta 

5 

0.82 

0.41 

74 

Pregnant  9 

2 

0.24 

mos. 

0.24 

Placenta 

1 

0.72 

0.48 

O  45 

<< 

3 

0.56 

0.32 

0.32 

<  < 

i( 

5 

0.76 

0.52 

0.52 

Van  Slyke,  Vinograd-Villchur,  and  Losee  405 


TABLE  llB-<:orUinued. 


o 

No. 

Condition. 

If 

Substrate. 

\i 

S 

oe. 

cc. 

ce. 

oe. 

75 

Pregnant  9 
mos. 

2 

It 

II 

Placenta  1 

0.38 
0.42 
0.68 

0.28 

0.28 

76 

Pregnant  9 
mos. 

2 

II 

II 

Placenta  1 
6 

0.34 
0.60 
0.66 

0.26 
0.32 

0.26 
0.32 

77 

Pregnant  9 
mos. 

2 
II 

II 

II 

Placenta  3 
6 

0.42 
0.38 
1.02 
1.02 

0.62 
0.62 

0.62 
0.62 

78 

Pregnant  9 
mos. 

2 
II 

II 

Placenta  5 

0.38 
0.36 
0.86 

0.49 

0.49 

79 

Incomplete 
abortion 

2 
(1 

Placenta  5 

0.44 
0.84 

0.40 

0.40 

80 

Pregnant  9 
mos.;  sped- 
men  was  in 
ice   box  4 
days  before 
experiment 
was  started 

2 
II 

Placenta  5 

0.20 
0.62 

0.42 

0.42 
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TABLE  II C. 
Pathological  dues.   Filtrates  Hydrolyted. 


No. 

Condition. 

o 

Subttnte. 

a 

1**  ^ 

P 

¥ 

cc. 

ee. 

ee. 

tt. 

81 

Man;  pneu- 
monia 

2 
tt 

Placenta 

5 

0.53 

U.OO 

U.lO 

U.lO 

82 

Man;  pneu- 
monia 

2 
II 

Placenta 

5 

0.50 

0.68 

0.18 

0.18 

83 

Woman;  pneu- 
monia 

2 
(1 

Placenta 

5 

0.37 
0.76 

0.39 

0.39 

84 

Man ;  pneu- 
monia; very 
sick 

2 
II 

Placenta 

5 

0.56 
0.91 

0.35 

0.35 

85 

Man ;  pneu- 
monia; tem- 
per at  ure 
normal,  con- 
valescent 

2 
<i 

Placenta 

5 

0.41 
1.05 

0.64 

0.64 

86 

Woman;  pneu- 
monia 

2 
( ( 

Placenta 

3 

0.44 
1.03 

0.59 

0.59 

87 

Man ;  pneu- 
monia 

2 

n 

Placenta 

5 

0.57 
1.32 

0.75 

0.75 

88 

Man ;  pneu- 
monia 

2 
II 

Placenta 

5 

0.38 
0.80 

0.42 

0.42 

NOTE  ON  THE  MICRO-METHOD  FOR  GASOMETRIC 
DETERMINATION  OF  ALIPHATIC  AMINO 
NITROGEN.^ 


Bt  DONALD  D.  VAN  SLYKE. 
(From  the  Hospital  of  the  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  September  29,  1915.) 

By  slightly  modifying  the  form  of  the  gas  burette  the  accuracy 
of  the  readings  is  so  increased  that  the  volume  of  the  entire 
apparatus  may  be  reduced  to  one-half  that  of  the  micro-amino 
apparatus  described  in  our  former  paper  (i.e.,  so  that  only  1  cc. 
of  solution  is  required  for  analysis),  with  corresponding  reduction 
of  the  amount  of  material  required  to  obtain  results  of  the  same 
percentage  accuracy.  The  form  of  the  burette  is  evident  from 
the  accompanying  figure.  The  chief  difference  is  that  the  zero 
point,  instead  of  being  placed  at  the  bottom  of  the  stopcock, 
is  located  on  a  capillary  which  extends  for  a  few  mm.  below  the 
cock.  This  permits  marking  off  the  upper  boundary  of  the  gas 
volume  measured  with  an  error  of  less  than  0.001  cc.  The 
burette,  of  3  cc.  capacity,  is  graduated  into  0.01  cc.  divisions 
about  1  mm.  apart,  so  that  by  estimating  tenths  of  a  division 
gas  volumes  can  be  read  to  0.001  cc.  Such  burettes  must,  of 
course,  be  accurately  calibrated  by  the  weight  of  water  delivered. 

A  modification  in  the  second  stage  of  the  determination  (free- 
ing the  apparatus  of  air^)  decidedly  facilitates  it.  Instead  of 
shaking  back  the  nitrous  acid  mixture  three  times  in  the  deaminiz- 

^  The  principle  of  the  method  and  the  original  form  of  the  apparatus 
were  described  in  Jour.  Biol.  Chem.,  1911,  ix,  185.  The  apparatus  in  its 
present  form,  but  requiring  tenfold  the  amount  of  material  was  described 
in  1912,  xii,  275.  The  application  of  the  method  to  micro-analysis  was 
described  in  1913,  xvi,  121.  The  present  form  of  the  apparatus,  like  those 
previously  described,  can  be  obtained  from  Emil  Greiner,  55  Fulton  St., 
New  York. 

«  Van  Slyke,  D.  D.,  Jour.  Biol.  Chem.,  1912,  xii,  279. 
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ing  chamber,  one  needs  to  shake  only  once,  until  sufficient  nitric 
oxide  gas  has  been  formed  to  force  the  liquid  in  the  chamber 
down  to  the  mark  indicating  the  amoimt  of  nitrous  acid  solution 
that  should  be  in  the  chamber  when  the  amino  solution  is  added. 
One  then  closes  cock  a,'  and  so  turns  cock  <r  that  gases  from  the 
chamber  can  escape  from  the  outlet  tube  at  c.  The  deaminizing 
vessel  is  then  shaken  two  minutes  rapidly  with  the  motor.  The 
nitric  oxide  evolved  drives  out  the  air  as  completely  as  it  could 


Fig.  1. 


be  removed  by  the  originally  described  mode  of  operation;  in 
fact,  with  the  micro-amino  apparatus  the  removal  seems  to  be 
slightly  more  complete,  and  the  operation  is  considerably  simpler. 
After  the  two  minutes'  shaking  the  deaminizing  vessel  is  connected 
through  c  with  the  gas  burette,  and  the  determination  finished 
as  previously  described. 

It  may  be  mentioned  that  the  rubber  connections,  partieulariy 
that  joining  the  deaminizing  vessel  to  the  gas  burette,  should  be 

3  See  illustration,  Jour.  Biol.  Chem.,  1912,  xii,  278. 
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of  soft,  heavy-walled  rubber  tubing.  We  use  "stethoscope" 
tubing,  which  is  soft  and  flexible,  and  has  a  wall  3  or  4  mm.  thick. 

The  results  in  the  following  table  were  obtained  with  a  1  per 
cent  solution  of  Kahlbaum's  synthetic  leucine. 


Nt  gas. 

Tempera- 

Barometer. 

Amino  nitrogen. 

ture. 

Found. 

Calculated. 

cc. 

•c. 

mm. 

mg. 

mg. 

Solution  measured  in  1 
CO.  burette  of  appara- 
tus.  Burette  correc- 
tion =  +  0.010  cc.  Vol- 
ume of  solution  ana- 
lyzed=1.01  cc.  Weight 
of  leucine  =  10.10  mg. 

1.957 
1.958 
1.957 
1.958 

25 
it 

u 
« 

757 

« 

it 

1.081 
1.082 
1.081 
1.082 

1.080 

« 

it 

1.000    cc.   of  solution 
measured  in  calibra- 
ted Ostwald  pipette 
and  washed  into  deam- 
inizing  chamber 

1.927 
1.932 
1.932 

u 
u 
(( 

« 
ti 
it 

1.065 
1.068 
1.068 

1.069 

CORRECTION . 


ANALYSIS  OF  PROTEINS  BY  DETERMINATION  OF  THE 
CHEMICAL  GROUPS  CHARACTERISTIC  OF  THE 


(From  the  Hospital  of  the  Rockefeller  Institute  for  Medical  Research.) 

On  page  29  of  the  original  article^  the  formula  for  calculating 
histidine  should  read 


is  correct,  but  the  lower  is  given  as 

Histidine  n  =  1.667  D  -  1.225  Arg. 

The  error  in  the  coefficient  of  Z)  in  the  latter  equation  is  obvious, 
but  has  previously  escaped  our  attention  because  we  have  habitu- 
ally used  the  correct  upper  formula. 

'  Van  Slyke,  D.  D.,  Jour.  Biol.  Chem.,  1911-12,  x,  29. 


DIFFERENT  AMINO-ACIDS. 


Bt  DONALD  D.  VAN  SLYKE. 


Histidine  n  «=         —  -^Arg.  j 

=  1.5  D  -  1.125  Arg. 
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— — — E.  &  A/s  Analytical  Balance 

Model  No.  2  J 

Model  No.  2  J  has  gained  the  enviable  reputation  of  being  considered  equal 
in  rapidity,  sensibility  and  durability  to  the  best  models  of  200  grammes  capacity 
listed  at  twice  its  price,  representing  as  it  does,  the  product  of  America's  fore- 
most balance  experts. 

The  balance  is  provided  with  the  improved  arrest  for  pans,  with  automatic 
stop. 

Specifications 

E.  A  A.'s  Analytical  Balance,  Model  No.  2  J,  capacity  up  to  100  grammes 
in  each  pan,  sensitive  to  l/20th  milligram.  Short  beam,  graduated  on  both 
sides  of  the  centre  agate  for  6  milligram  rider,*  beam  blackened  and  graduations 
filled  in  white,  which  greatly  facilitates  the  readings.  Agate  knife  edges  and 
bearings,  with  improved  hangers,  and  triple  arrest,  raising  the  hangers  from  knife 
edges  as  well  as  the  beam;  wide  pans  and  bows  accommodating  a  dish  10  cm. 
diameter;  improved  arrest  for  pans  with  automatic  stop;  red  graduations  on  the 
index  enabling  close  readings.  In  finely  polished  mahogany  and  glass  case  with 
drawer,  and  counterpoised  sliding  door)  mounted  on  heavy  black  glass  subbase; 
with  leveling  screws. 

Price,  $60.00  net,  from  stock 

*7*Am  balanu  will  he  9upplUd  with  beam  graduattifor  10  milligram  rider,  when  to  ordered,  at  no  addition 
in  priet. 

EIMER  m  AMEND 

Founded  18S1 

INDUSTRIAL  AND  EDUCATIONAL  LABORATORY  APPARATUS, 
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Influenza  Serobacterin  Mixd 

Mulford 

For  Imnnmization  Against  and  Treatment  of 

Influenza  and  Common  Golds 

A  combination  of  sensitized  killed  bacteria  prepared  from  cultwt 
obtained  from  a  large  number  of  patients  suffering  with  acute  infectioc 
of  the  respiratory  mucous  membranes. 

Influenza  Serobacterin  Mixed  is  employed  in  catarrhal  condition 
of  the  respiratory  tract,  for  treatment  and  prevention.  It  may  be  use 
either  before  a  cold  is  fully  developed  to  abort  it,  during  the  height  of 
cold  to  hasten  recovery,  or  between  attacks  for  preventon. 


The  usual  method  of  administering  Scrobacterins  is  to  employ  the  4-syrin 
package,  beginning  with  one-fifth  to  the  entire  contents  of  Syringe  A  and  followi 
with  other  syringes  at  two  to  five-day  intervals,  according  to  indicationB. 

Syringes  contain  killed  sensitized  bacteria  as  follows: 


Syringe 
A 

Byrincre 
B 

Syringe 

C 

Syrince 
D 

B.  influenzae  

125 

250 

500 

1000 

million 

Staphylococcus  albus  and  aureus 

.  250 

600 

1000 

2000 

million 

Streptococcus  

125 

250 

500 

1000 

mUlion 

Pneumococcus  

125 

250 

500 

1000 

million 

M.  catarrhalis  (group)  

125 

250 

500 

1000 

million 

Literature  describing  method  of  treatment  and  dosage  sent  on  request. 


H.  K.  MULFORD  COMPANY 

Hanvlaetvrini  and  Bloloiloal  Chamlsts 

HOME  OFFICE  AND  UkBOKKIOiaB.^,  U.  8.  A. 


The  Journal  of  Biological  Chemistry  will  be  glad  to 
hear  from  persons  who  have  copies  of  Vol.  XVIII,  No.  1, 
and  Vol.  XIX,  No.  1,  to  dispose  of.  The  Journal  will 
pay  for  these  numbers  the  regular  listed  prices  of  $1.00 
and  $1.25. 


NONSOL  FLASKS  AND  BEAKER 


N».  2827(>  N».  28205  N«.  27 


NONSOL  GLASS  as  made  by  the  Whitall  Tatnm  Company— A  glass  highly  resi 
to  (;h('rnic:il  rciigcnts  und  to  tciiipcruture  changes  which  has  been  on  the  ui 
for  niimy  yvurn  juid  has  hi'cn  thoroughly  testecTwith  universally  satisfactoi 
siilts  l)y  (iiiily  use  in  iiiuny  laboratories,  including  those  of  the  U.S.  Go  verm 
In  ]>ra(  ti(?al  work  Nonsol  t^hias  has  proved  itself  to  be  equal  to,  or  better, 
any  imported  kIj'J^''^  i'i  noncorrosivc  quality.  Full  data  as  to  solubilit 
l>t'(Mi  puliIislM'd  from  time  t<i  time.  The  prices  quoted  by  us  are  computed  a 
maximum  dis<U)unt  :illowed  by  the  manufacturer  to  the  consumer  in  any  quai 
i.e.,  and2()-r  from  their  list,  an«l  the.se  prices  mark  a  reduction  in  the 
>umer*s  price  on  this  ware,  as  until  April  last  the  maximum  discount  allow* 
tlie  makers  to  the  (consumer  was  50^  . 
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STUDIES  ON  GROWTH. 


II.    ON  THE  PROBABLE  NATURE  OF  THE  SUBSTANCE  PRO- 
MOTING GROWTH  IN  YOUNG  ANIBiALS. 

By  CASIMIR  FUNK  and  ARCHIBALD  BRUCE  MACALLUM.» 

(From  the  Cancer  Hospital  Research  Institute j  London,  and  the  Biochemical 
Laboratory f  University  of  Toronto.) 

(Received  for  publication,  October  8,  1915.) 

Since  the  remarkable  work  of  Osborne  and  Mendel,^  Hopkins,' 
and  McColluin  and  Davis,^  who  have  shown  that  a  young  animal 
requires  something  special  besides  the  usual  food  constituents 
for  its  process  of  growth,  there  has  been  much  discussion  as  to 
the  exact  nature  of  this  product.  In  our  first  paper^we  discussed 
this  subject  and  pointed  out  that  most  workers  regard  the  growth 
factor  as  being  closely  associated  with  fats.  The  experimental 
evidence  which  led  to  this  opinion  was  brought  forward  first  by 
McCollum,  but  has  become  especially  significant  since  Osborne 
and  Mendel^  and  later  Osborne  and  Wakeman^  found  that  puri- 
fied butter,  which  in  their  opinion  was  free  from  nitrogen,  was 
still  able  to  promote  growth  in  young  rats.  In  our  earher  paper 
we  found  that  even  the  purified  butter  contains  traces  of  nitrog- 
enous substances,  and  therefore  might  possibly  contain  traces 

*  The  work  was  begun  at  the  Cancer  Hospital  Research  Institute,  Lon- 
don, England;  the  experiments  illustrated  by  the  curves  and  tables  were 
carried  out  in  the  Biochemical  Laboratory,  University  of  Toronto,  dur- 
ing the  tenure  of  a  Senior  Research  Fellowship  in  the  Department  of  Medi- 
cal Research,  and  the  expenses  were  defrayed  by  a  grant  from  this  depart- 
ment. 

*  Osborne,  T.  B.,  and  Mendel,  L.  B.,  Carnegie  Institution  of  W ashin'jton y 
Publication  No.  156,  pts.  i  and  ii,  1911. 

3  Hopkins,  F.  G.,  Jour.  Physiol.,  1912,  xliv,  425. 

*  McCollum,  E.  v.,  and  Davis,  M.,  Jour.  Biol.  Chcm.,  1913,  xv,  167. 

*  Funk,  C,  and  Macallum,  A.  B.,  Ztschr.  f.  physiol.  Chem.,  1914,  xcii, 

13. 

^  Osborne  and  Mendel,  Jour.  Biol.  Chem.,  1913-14,  xvi,  423. 

^  Osborne,  T.  B.,  and  Wakeman,  A.  J.,  Jour.  Biol.  Chcm.,  1915,  xxi,  91. 
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of  vitamines,  an  opinion  which  is  shared  by  McCollum  and  Davis.* 
Recently  MacArthur  and  Luckett^  have  found  that  the  growth- 
promoting  substance  is  not  contained  in  the  ether-soluble  frac- 
tion, and  they  also  suggest  the  possibility  of  vitamines  as  a  factor. 

To  complete  our  first  paper  we  carried  out  a  series  of  experi- 
ments on  young  rats  with  ordinary  butter  and  purified  butter 
fat  as  the  fat  fraction  of  the  diet.  Both  with  butter  and  purified 
butter  fat  all  the  animals  died  after  five  to  seven  weeks,  although 
on  the  former  diet  a  slight  initial  advantage  was  noticed.  Re- 
peating these  experiments  on  pigeons  we  convinced  ourselves  of 
the  inability  of  both  diets  to  prevent  the  onset  of  beri-beri  symp- 
toms, indicating  the  absence  of  or  an  insufficient  quantity  of  beri- 
beri vitamine. 

In  our  subsequent  experiments  we  increased  the  percentage  of 
butter  and  pure  butter  fat  in  the  diets  from  12  to  30  per  cent  with 
the  same  negative  result  in  all  cases.  On  both  diets  the  rats 
showed,  twenty-four  to  forty-eight  hours  before  death,  a  condi- 
tion of  spastic  contraction  resembling  somewhat  avian  beri  beri 
or  infantile  tetany. 

We  also  carried  out  experiments  in  which  increasing  amounts 
of  starch  were  replaced  by  equivalent  quantities  of  unpolisjied 
rice,  with  lard  as  the  fat  fraction  of  the  diet.  The  results,  which 
were  tending  to  support  the  vitamine  theory  of  growth  of  one  of 
us,'o  were  still  unsatisfactory,  although  the  diet  containing  the 
largest  percentage  of  unpolished  rice  proved  to  be  much  bett<?r 
both  for  maintenance  and  growth  than  those  diets  in  which  but 
ter  was  used;  yet  this  was  finally  inadequate  as  the  animals  de- 
clined after  nine  weeks. 

Finally  we  made  up  diets,  with  butter  used  as  fat,  to  which 
from  2  to  G  per  cent  of  dried  brewer's  yeast  was  added.  On  this 
diet  we  have  obtained  successful  growth  and  maintenance.  As 
the  growth-promoting  factor  is  beyond  question  contained  in 
yeast,  we  intend  to  fractionate  the  yeast  and  show  which  fraction 
contains  the  hypothetical  growth  substance. 

The  butter  was  purified  as  indicated  in  our  earlier  paper.*  The 
casein  was  purified  by  extraction  with  hot  alcohol.    The  fuel 

^McCollum  and  Davis,  Jour.  Biol.  Chem.,  1914,  xix,  245. 
^  MacArthur,  C.  G.,  and  Liickett,  C.  L.,  Jour.  Biol.  Chetn.y  1915,  xx,  161. 
'0  Funk,  C,  Ztschr.  f.  physiol.  Chcin.,  1913,  Ixxxviii,  352. 
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v^alue  of  the  food  and  also  the  amount  of  the  food  absorbed  from 
^        intestine  were  controlled  by  means  of  an  adiabatic  calorim- 
^^«r.   The  food  mixtm-e  used,  with  the  exception  of  the  butter, 
^^«s  found  to  produce  beri-beri  in  earlier  experiments  by  one  of 
^1  on  pigeons.   Special  experiments  were  carried  out  in  order  to 
^*^<?ertain  the  value  of  a  food  mixture  consisting  of  casein,  starch, 
^-^^  Tie-sugar,  salt  mixture,  and  butter  for  pigeons.   All  the  pigeons 
on  this  food  developed  a  typical  beri-beri  and  no  difference 
^^^^3s  noticed  between  the  ordinary  butter  and  the  purified  butter. 

The  results  presented  in  this  paper  are  a  selection  of  a  large 
^'Vimber  of  experiments  of  uniform  character.    Two  rats  of  the 
^'^-me  sex  were  used  in  each  experiment.    The  four  diets  used  had 
^^l>.e  following  composition. 


Diet. 

I. 

II. 

III. 

IV. 

per  cent 

per  cent 

per  cent 

per  cerU 

Casein  

22 

22 

22 

22 

10 

10 

10 

10 

Starch  

33 

33 

31 

27 

Butter  (ordinary)  

30 

30 

30 

(purified)  

30 

Agar  

2 

2 

2 

2 

3 

3 

3 

3 

Yeast  (dry)  

2 

6 

♦  The  composition  of  the  salt  mixture  was  the  same  as  in  the  experi- 
ments of  Osborne  and  Mendel." 


Experiment  I. — Chart  I.  The  curves  represent  the  average  weight  of 
two  rats  each  of  which  was  fed  on  Diet  I  (ordinary  butter) .  As  repre- 
sented by  the  upper  curve  the  rats  showed  a  slight  initial  gain  in  weight 
and  maintenance  for  about  20  days;  then  a  rapid  decline  set  in  with  fatal 
termination  after  36  days.  The  lower  curve  represents  the  average  weight 
of  two  rats  which  were  changed  from  Diet  I  to  Diet  IV  on  the  tweatieth 
day.  The  effect  of  the  addition  of  dried  brewer* s  yeast  was  striking;  the 
rats  suddenly  recovered  and  grew  normally  up  to  the  end  of  the  experi- 
ment. The  intake  of  food  and  the  absorption  from  the  intestine  are  re- 
corded below. 


"  Funk,  Zt8chr,f.  physiol.  Chem.,  1914,  Ixxxix,  373. 

^'  Osborne  and  Mendel,  Jour.  Biol.  Chem.y  1913,  xv,  311. 


Q 

gm. 

gm. 

cat. 

cat. 

gm. 

gm. 

0 

26.5 

21.0 

4 

32.25 

25.1 

120.5 

3.67 

27.5 

18.15 

89.2 

3.09 

8 

36.5 

19.6 

95.4 

26.5 

15.0 

74.7 

12 

37.5 

21.1 

103.7 

3.37 

27.5 

18.65 

91.7 

2.26 

16 

37.0 

21.3 

103.6 

26.6 

17.5 

85.5 

20 

33.0 

23.0 

125.1 

2.66 

27.0 

25.65 

134.2 

5.42 

24 

30.5 

21.5 

111.2 

38.0 

43.2 

229.5 

28 

28.5 

14.5 

74.5 

4.36 

49.5 

42.1 

223.4 

9.75 

32 

26.5 

10.4 

53.2 

62.5 

53.66 

285.8 

36 

23.5 

10.2 

52.2 

2.23 

73.5 

57.95 

308.8 

16.69 

40 

Died 

81.5 

53.8 

286.5 

44 

85.0 

54.15 

288.5 

48 

92.0 

58.0 

309.5 

This  experiment  was  repeated  on  six  male  and  two  female  rats  with 
identical  results. 

Experiment  II. — Chart  II.  Here  we  have  used  purified  butter  fat. 
Each  curve  represents  the  average  weight  of  two  male  rats.  The  results 
are  similar  to  those  of  the  first  experiment,  only  the  maintenance  period 
was  slightly  shortened.  The  same  marked  recovery  was  observed  on 
changing  from  Diet  II  to  Diet  IV.  The  details  of  the  experiment  are  re- 
corded below. 


Upper  curve,  Rats  31  and  32. 


Days. 

Averanco 
weight. 

Food 
intake. 

Food. 

Feces. 

ATernge 
weight. 

Food 
intake. 

Food. 

Feces. 

gm. 

gm. 

cal. 

cal. 

gm. 

gm. 

cal. 

caL 

0 

43.5 

29.5 

4 

49.0 

32.2 

176.8 

8.34 

36.5 

25.85 

141.2 

4.25 

8 

52.0 

26.35 

143.9 

39.5 

18.3 

99.9 

12 

48.5 

23.4 

127.8 

7.35 

42.0 

17.8 

97.2 

3.58 

16 

46.0 

23.8 

129.8 

39.0 

18.65 

101.8 

20 

44.5 

23.75 

129.6 

8.09 

36.0 

17.75 

96.9 

3.43 

24 

42.0 

24.1 

131.5 

31.5 

17.65 

96.6 

28 

42.5 

18.5 

109.0 

3.95 

48.0 

43.25 

229.5 

8.04 

32 

39.5 

14.15 

77.2 

58.5 

54.45 

290.2 

36 

36.5 

11.85 

68.2 

74.5 

61.85 

324.3 

13.09 

40 

32.5 

6.70 

36.79 

86.0 

53.5 

285.0 

44 

Died 

94.5 

57.1 

304.2 

48 

103.0 

61.70 

328.8 

Lower  curve,  Rata  29  and  30. 


'^voeriment  was  rcptMitcd  on  seven  male  rats  and  one  female  wi 
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I  I  I  \  I  

10  20  40  DAYS 

Fio.  1.  Upper  curve.  Rats  25  and  26.  Lower  curve»  Rats  27  and  28. 
On  the  curve  at  the  point  (*)  Diet  I  was  changed  to  Diet  lY;  RjLts  25  and 
26  died  after  36  days  on  Diet  I. 
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and  32  died  after  40  days  on  Diet  II. 
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^iXperiment  III. — Chart  III.  In  this  experiment  the  upper  curve  illus- 
«8  the  weight  of  two  male  rats,  and  the  lower  curve  the  weight  of 

female  rats.  Up  to  20  days  Diet  III  was  used  (with  2  per  cent 
st),  being  then  replaced  by  Diet  IV.  In  one  set  this  was  continued  to 
end  of  the  experiment  (lower  curve).  In  the  other  experiment  Diet 
was  replaced  after  32  days,  by  Diet  II  (without  yeast);  the  growth 
jed  abruptly  and  the  animals  rapidly  declined.  No  marked  dififer- 
3  was  noticed  between  the  diets  containing  2  and  6  per  cent  of  yeast. 

details  of  the  experiment  are  recorded  below. 


Upper  curve.  Rats  33  and  34. 


1  Average 
weight. 

Food 
intake. 

Food. 

Feces. 

Averace 
weight. 

Food 
intake. 

Food. 

Feces. 

vm. 

gm. 

cal. 

caL. 

gm. 

gm. 

eal. 

cal. 

20.0 

18.5 

29.0 

29.1 

151.2 

5.31 

27.5 

26.2 

136.2 

3.41 

35.0 

23.05 

117.3 

32.0 

19.4 

97.9 

37.0 

25.95 

132.4 

7.30 

37.0 

26.65 

137.1 

4.39 

41.5 

26.60 

137.2 

39.5 

29.85 

148.1 

43.5 

30.85 

161.5 

6.45 

42.5 

34.15 

178.7 

7.44 

47.0 

41.15 

217.5 

49.5 

44.6 

236.8 

59.0 

44.0 

233.5 

8.06 

58.0 

43.5 

230.9 

11.13 

69.0 

49.5 

262.6 

69.5 

48.75 

259.5 

72.5 

41.05 

225.5 

9.53 

80.0 

60.70 

323.5 

13.68 

74.5 

34.15 

187.7 

87.5 

56.70 

302.2 

71.0 

30.85 

169.6 

90.0 

51.90 

276.5 

G8.5 

32.90 

180.9 

94.0 

58.25 

310.4 

Lower  curve,  Rats  35  and  36. 


'his  experiment  was  repeated  with  two  additional  female  rats  with 
same  result. 

)ur  new  series  of  experiments  clearly  show  the  absolute  ina- 
ty  of  either  butter  or  purified  butter  fat  to  stimulate  the  growth 
/oung  rats.  This  result  could  only  be  expected  from  our  ex- 
iments  with  the  same  diet  on  pigeons,  which  have  shown  the 
ence  of  vitamine  in  butter.  From  the  tables  we  see  a  strict 
.tionship  between  the  growth  observed  and  the  food  taken  in. 

also  notice  that  the  addition  of  yeast  stimulates,  directly  or 
irectly,  the  appetite.  The  calorific  determination  of  the  food 
I  feces  shows  in  all  cases  a  practically  complete  absorption  of 

food  by  the  digestive  tract,  as  the  calorific  value  of  the  feces 
resents  but  from  2.5  to  5  per  cent  of  the  calories  taken  in  by 
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Fici.  3.  Tpper  curve,  Rats  33  and  34.  Lower  curve,  Rats  35  and  36. 
To  the  left  of  the  dotted  line  Diet  III ;  to  the  right,  Diet  IV.  At  the  point 
(*)  Rats  33  and  34  were  chanRed  from  Diet  IV  to  Diet  II. 
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imals.    Whether  yeast  alone  without  butter  (replaced  by 
/ill  produce  normal  growth  in  rat«,  and  whether  there  are 
more  components  in  yeast  which  stimulate  j^rowth,  is 
investigation. 


CALCroM  IN  PERMEABILITY  AND  IRRITABILITY. 


By  JACQUES  LOEB. 
<^m  the  Laboratories  of  the  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  October  25,  1915.) 
I. 

r'lierc  has  been  a  growing  tendency  to  explain  all  phenomena  of 
r-cp^ased  activity  of  the  cell  on  the  assumption  of  an  increased 
«^:ieability.    Especially  R.  S.  Lillie^  has  tried  to  harmonize 
phenomena  with  this  viewpoint,  and  it  has  been  adopted 
XSayliss^  in  a  recent  address.    Thus  it  was  assumed  that  the 
-*^cies  of  artificial  parthenogenesis  induce  development  by  in- 
^ssing  the  permeability  of  the  egg;  that  the  stimulus  of  nerve 
^>riuscle  inducing  muscular  contraction  is  due  to  an  increase  in 
**>rieability  induced  by  the  stimulus;  that  the  current  of  action 
"Native  variation)  is  due  to  an  increased  permeability,  and  so 
Conversely  it  was  assumed  that  narcosis  is  due  to  a  diminu- 
in  permeability. 

r*lie  idea  that  stimulation  might  be  due  to  an  increased  per- 
^bility  of  the  cell  originated  probably  under  the  influence  of 
-    following  facts.    As  is  well  known,  muscular  twitchings  are 
^cJuced  when  the  muscle  or  the  nerve  is  put  into  a  pure  NaCl 
^tion,  while  the  addition  of  Ca  or  Sr  or  Mg  stops  these  twitch- 
.    On  the  other  hand,  the  writer  found  that  for  the  egg  of 
^dulus  pure  NaCl  in  the  concentration  in  which  it  occurs  in 
'  "water  is  toxic,  while  the  addition  of  a  small  quantity  of  CaClo 
^ny  other  salt  with  a  bivalent  metal)  renders  the  NaCl  harm- 
In  1905  he  suggested  that  this  phenomenon  might  be  ex- 
'iiied  on  the  assumption  that  in  a  pure  NaCl  solution  the  latter 
^rs  the  membrane  and  kills  the  egg,  while  the  presence  of  a 
■^e  of  a  salt  with  a  bivalent  metal  prevents  this  diffusion  of  NaCl 

^  Lillie,  R.  S.,  Am.  Jour.  Physiol.,  1909,  xxiv,  14;  1911,  xxviii,  197. 
^  Bayliss,  W.  M.,  Science,  1915,  xlii,  509. 
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into  the  egg.'   The  correctness  of  this  explanation  could  latei^  bo 
demonstrated  in  the  following  way:    When  the  egg  of  Fundr^^-^ujs 
is  put  into  a  mixture  of  50  cc.  3  m  NaCl  +  1  ce.  10/8  m  CaCU,  ^bi^ 
embryo  will  live  in  this  mixture  for  3  days  or  longer,  while  if  "tr-he 
newly  hatched  fish  is  put  into  such  a  solution  it  is  killed  aliir^  C3st 
instantly.    When  the  egg  is  put  into  a  pure  3  m  NaCl  solu-tio/i 
the  embryo  dies  within  a  few  hours.    These  facts  seem  only^  in- 
telligible on  the  assumption  that  the  addition  of  a  trace  of  CaC  1-^  to 
the  solution  makes  the  egg  impermeable  for  the  NaCl,  while  wi  ti-h- 
out  CaCl2  the  NaCl  gradually  diffuses  into  the  egg. 

It  is,  of  course,  natural  to  consider  the  possibility  that  the  stin:^  ii- 
lating  effect  of  a  pure  NaCl  solution  upon  nerve  or  inuscle  is  al 
due  to  an  increase  in  permeability,  while  the  C'aCU  inhibits  tf^i^ 
increase  in  permeability. 

The  acceptance  of  such  a  view  meets,  however,  with  sevei^-^^^ 
diflBculties.    First,  there  is,  for  the  present,  a  lack  of  direct  pro^^^ 
for  it,  and  second,  it  is  apparently  contradicted  by  certain  fact^^ 
one  of  which  may  be  mentioned.    The  center  of  the  jellyfish  Poly^^  ^ 
orchis  will  as  a  rule  not  contract  in  an  isotonic  NaCl  solution,  bu 
will  begin  rhythmical  contractions  when  a  certain  amount  ^^\^\[ 
CaCU  is  added;  but  the  contractions  can  also  be  called  forth  il^ 
instead  of  CaCb  some  divalent  or  trivalent  anion  is  added;  e.g.,^  "V^^ 
Na2  tartrate  or  oxalate  or  Naa  citrate.^    On  the  basis  of  our  pres —  ^ 
ent  knowledge  it  is  not  probable  that  small  quantities  of  Ca  a<^^ 
well  as  of  oxalate  should  both  increase  the  permeability  of  the    ^  ^| 
cell  and  counteract  a  diminution  of  permeability  caused  by  NaCl.  -  ^ 

An  attempt  has  been  made  to  connect  the  electromotive  phe-^ — 
nomena  in  living  cells  with  assumed  changes  in  the  permeability 
of  the  membrane;  but  these  attempts  are  not  warranted.* 

The  writer  has  recently  approached  the  possible  connection 
stimulation  and  pcrm(*ability  from  a  diflferent  viewpoint.  Pre — 
vious  experiments  had  shown  that  the  concentration  of  CaClj  (om  -^^^ 
of  salts  with  bivalent  cations)  required  for  the  antagonization  c  ^:zMof 
salts  with  univalent  cation  varies  with  the  concentration  of  th^-^^^ 
latter.    If  the  mechanism  of  antagonization  is  the  same  for  phe^^^^ 


'  Locb,  J.,  Arch.f.  d.  ges.  Physiol.,  llK)o,  evil,  252. 

*  Loeb,  Jour.  Biol.  ChcJu.y  1905-06,  i,  427. 

*  Loeb,  Science,  1915,  xlii,  C43. 
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loniena  of  irritability  as  for  permeability  the  ratio  of    ^  ^ 

CCa  salt 

liould  vary  in  the  same  way  for  both  groups  of  phenomena  with 
'arying  CNa-    This  is  not  the  case. 

IL 


The  eggs  of  Funduliis  which  normally  develop  in  sea  water  de- 
velop also  in  distilled  water  and  in  solutions  of  higher  osmotic 
pressure  than  sea  water.  If  we  put  the  newly  fertilized  eggs  into 
>ure  NaCl  solutions  of  different  concentrations  above  3/8  m  NaCl 
he  eggs  will  form  embryos  only  if  a  minimal  quantity  of  CaCU  is 
Ldcled.  This  quantity  varies  with  the  concentration  of  NaCl. 
n  a  series  of  experiments  that  quantity  of  CaCU  was  ascertained 
vhich  is  required  to  permit  50  per  cent  of  the  eggs  to  form  em- 
>ryos  in  NaCl  solutions  of  different  concentrations.  Table  I 
rives  the  result. 


TABLE  I. 


Concentration  of 
NaCl. 

Quantity    o  f  m/16 
CaCla  required  to 
allow  50  per  cent  of 
the  eggs  to  form  cm- 
bryoa. 

Concentration  of 
NaCl. 

Quantity  of  m/16 
CaCit  required  to 
allow  50  per  cent  of 
the  eggs  to  form  em- 
bryos. 

3/8  M 

cc. 

0.1 

9/8  M 

cc. 
1.8-2.0 

4/8  M 

0.3 

10/8  M 

2.0-2.5 

5/8  M 

0.5 

11/8  M 

2.0(?)* 

6/8  M 

0.6 

12/8  M 

3.0-3.5 

7/8  M 

0.9 

13/8  M 

6.0 

8/8  M 

1.2-1.4 

*  This  value  for  Ca  in  an  11/8  m  NaCl  solution  is  presumably  too  low  and 
iue  to  an  error. 


In  NaCl  solutions  of  a  concentration  beyond  13/8  m  it  was  not 
possible  to  cause  50  per  cent  of  the  eggs  to  form  embryos,  no 
natter  how  much  Ca  was  added;  in  m/4  NaCl,  50  per  cent  of 
:he  eggs  could  form  embryos  even  without  the  addition  of  CaCU, 
ivhich  might  possibly  be  understood  on  the  assumption  tliat  the 
-gg  itself  contains  some  C-aClo.  This  might  also  explain  why  so 
little  CaCl2  is  needed  for  the  development  of  the  eggs  in  a  3/8  m 
NaCl  solution. 
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It  is  obvious  that  the  minimum  amount  of  CaClj  which  ni  Ul  st 
be  added  increases  much  more  rapidly  than  the  concentration.  of 
NaCl.  Thus  if  the  concentration  of  NaCl  v&nea  in  the  r^-fcio 
1:  2:  3  (if  we  compare,  e.g.,  4/8  m,  8/8  m,  and  12/8  m  NaCl),  t:  *e 
values  for  CaClo  increase  in  the  ratio  of  0.3: 1.3:  3.2,  or,  in  ot  1^  er 
words,  if  we  double  the  concentration  of  NaCl  we  must  quadrii  fi^le 
the  amount  of  Ca  added;  and  if  we  triple  the  concentration  «of 
NaCl  we  must  add  about  ten  times  as  much  CaCU.  The  vcj/-^*^ 
of  Ca  increases  almost  in  the  ratio  of  the  square  of  the  increase 
the  NaCl  solution, 

III. 

We  will  compare  with  this  the  variation  in  the  ratio       +  ^ 

i,e,y  the  ratio  of  the  concentration  of  the  chlorides  of  the  monova-^^  ^ 
lent  over  that  of  the  bivalent  cations  in  the  sea  water  for  a  case  ^^^y^ 
of  irritability.    As  material  the  newly  hatched  larvae  of  a  certain  ^ 
barnacle  (Balanus  ehurn^us)  were  used,  which  can  stand  wide  vari- 
ations  in  the  concentration  of  the  sea  water.*   These  larvae  are 
strongly  heliotropic  and  gather  in  dense  clusters  at  the  window- 
side  or  the  opposite  side  of  the  dish.    They  are  incessant  swim- 
mers  and  they  rise  to  the  surface  of  the  water.    They  are  able 
to  live  in  sea  water  from  the  concentration  of  m/16  to  6/8  m. 

When  the  larva?  are  put  into  a  pure  solution  of  NaCl  +  KCl  ^ 
(in  the  proportions  in  which  these  two  salts  exist  in  the  sea  water)       ^ ' 
they  will  all  fall  to  the  bottom,  unable  to  swim,  though  they  may 
live  for  a  number  of  hours  in  such  a  solution.    If  one  salt  with  a 
bivalent  cation  is  added,  e.g,,  CaCla  or  MgClj  or  SrCU,  in  suf-     —  ' 
ficient  quantity,  they  will  rise  to  the  surface  but  they  cannot  stay 
there  very  long;  if,  however,  enough  of  a  mixture  of  CaCU+MgCU  ^ 
is  added  in  the  proportions  in  which  these  two  cations  exist  in 
the  sea  water  (1.5  atoms  of  C'a  to  11.8  atoms  of  Mg)  thelarvie  -e^-Ip 
will  rise  to  the  surface  and  remain  there,  gathering  on  the  side  by  ^-^y 
the  window  or  away  from  it. 

Kxperinionts  were  made  to  ascertain  the  minimal  quantity  ^ZDf 
CaCl2  +  MgClo  required  to  allow  all  the  animals  to  rise  toth^^^e 
surface  in  different  concentrations  of  NaCl  +  KCl.    Table  ir  IMI 
gives  the  results. 


Loch,  Proc.  Nat.  Acad.  Sc.,  1915,  i,  439. 
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TABLE  II. 


No.  of  experiment. 


Concentration  of 
NaCI  +  KCl 


Cc. 

of  HiiCaCU  +  MgCls 
required. 


Value  of 
^Na  +  K 
CMg  +  Ca 


fM/16 

\m/8 
/m/8 
Im/4 
/ 3/16  M 
\3/8  M 
/m/8 
Im/2 
/m/4 
\m/2 
[5/16  M 
\5/8m 
f3/16  M 
\6/8  M 


0.3 
0.4-0.5 

0.5 
0.9-1.0 

0.7 

1.3 

0.5 
1.8-1.9 
0.8-0.9 
1.6-1.7 

0.9 

1.7 

0.6 

2.4 


27.8 
37.0 
33.3 
35.1 
35.7 
38.5 
33.3 
36.0 
39.2 
40.3 
46.3 
49.0 
41.7 
41.7 


Two  experiments  with  concentrations  of  NaCl  +  KCl  varying 
ji  the  ratio  of  1:2  or  1:4  were  always  made  simultaneously, 
rhe  permanent  readings  were  taken  a  number  of  hours  after  the 
animals  were  put  into  the  solutions.    The  result  indicates  that 

bhe  ratio  of  ^  remains  very  nearly  constant  with  varying 

Cca  4-  Mg 

concentrations  of  CNa  +  K-  This  relation  corresponds  to  Weber's 
law,  according  to  which  the  change  in  a  stimulus  which  is  just 
perceptible  has  a  constant  ratio  to  the  original  stimulus.  Web- 
er's law  is  the  most  general  law  in  the  realm  of  human  sensations 
and  therefore  we  need  not  be  surprised  at  meeting  such  a  law  in 
this  connection.  This  side  of  the  problem  was  discussed  in  a 
former  paper.^ 

It  is,  therefore,  obvious  that  the  ratio  of        for  the  phc- 

CCa 

nomenon  of  irritability  selected  for  discussion  varies  according  to 
B  different  law  than  for  the  case  of  permeability.  Our  results, 
therefore,  do  not  lend  support  to  the  idea  that  the  r61e  of  calcium 
in  phenomena  of  irritability  is  the  same  as  in  phenomena  of  per- 
meability. 

7  Loeb,  Proc,  Nat.  Acad.  Sc.,  1915,  i,  439. 
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IV. 

Not  only  in  NaCl  +  KCl  but  also  in  NaCl  +  KCl  +  MgCl,  are 
the  larvae  unable  to  rise  for  any  length  of  time  to  the  surface, 
while  if  we  add  some  Ca  the  larvae  will  do  so.  Experiments  of 
the  following  kind  were  made.  To  50  cc.  m/2  NaCl  +  KCl  were 
added  different  quantities  of  MgCU,  and  it  was  ascertained  how 
the  quantity  of  CaCla  necessary  to  cause  the  larva  to  rise  and 
remain  at  the  smface  varied  with  the  amount  of  Mg  added.  In 
former  investigations  the  writer  had  shown  that  the  swinmiing 
motions  of  the  center  of  a  jellyfish  cannot  continue  in  a  mixture 
of  Na  +  K  +  Mg,  but  that  this  effect  of  Mg  can  be  promptly 
overcome  by  the  addition  of  Ca;^  and  this  antagonism  between 
Ca  and  Mg  was  confirmed  by  Meltzer  and  Auer*  in  their  ex- 
periments on  manmials. 

Om-  experiments  consisted  in  adding  to  50  cc.  m/4  or  m/2  NaCI 
+  KCl  (in  the  proportions  in  which  these  salts  exist  in  sea 
water)  varying  quantities  of  3/8  m  MgCU.  In  such  solutions  the 
animals  could  swim  for  only  a  few  minutes.  If,  however,  some 
CaCU  was  added  the  animals  could  rise  permanently  to  the  siu*- 
face  and  swim  to  or  from  the  window-side  of  the  dish.  It  was 
ascertained  how  much  CaClo  was  required  to  cause  the  majority 
of  the  larvae  to  rise.    Table  III  gives  the  results. 

TABLE  III. 


iCla  neceanry 
im)  >rity  of  tD« 
swim  in: 

ic/4  Na  +  K 

0.2 
0.3 
0.4 
0.7-0.8 
1.6 


50  cc.  NaCI  4-  KCl  -f  0.75  cc.  3/8  m  MgCl,. . 
1.5 
2.5 
5.0 

10.0  " 

15.0 

20.0 


Cc.  of  C< 
to  indaoe  the  u 
larvrn  to 


M/2  Na  +  K 


0.4 
0.4 
0.7-0.8 
1.6 
1.8 
1.8 


•  Loeb,  Jour.  BioL  Chem,,  1905-06,  i,  427. 

•  Meltzer,  S.  J.,  and  Auer,  J.,  Am.  Jour.  Physiol.,  1908,  xxi,  400. 
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In  order  to  interpret  these  figures  correctly  we  must  remind 
tihe  reader  that  we  are  dealing  here  with  a  combination  of  two 
^antagonisms.  The  one  is  between  the  salts  with  univalent  and 
fcivalent  metals.  This  antagonism  is  satisfied  by  merely  adding 
enough  MgCl2  to  a  mixture  of  NaCl  +  KCl.  The  reader  will 
x^call  that  in  a  mixture  of  NaCl  +  KCl  +  MgCl2  the  larvse  will 
swim  for  a  few  minutes  if  enough  MgCl2  is  added.  The  second 
antagonism  is  between  CaCU  and  MgCU.  With  the  addition  of 
only  MgCl2  the  animals  can  swim  but  a  short  time;  but  if  both 
lE^gCls  and  CaCU  are  added  in  the  right  concentration  all  the 
larvse  will  swim  permanently. 

In  the  experiments  in  Table  III  enough  MgCl2  was  always 
present  (with  the  exception  of  the  first  solution)  so  that  the  bal- 
ance between  salts  with  univalent  and  bivalent  cations  was  es- 
"t^ablished.  What  was  lacking  was  the  balance  between  Ca  and 
IMg.  The  experiments  of  Table  III  therefore  answer  the  ques- 
"tion  of  how  the  concentration  of  Ca  must  change  if  the  concen- 
"tration  of  Mg  changes.  If  we  consider  only  the  concentrations  of 
IMg  between  2.5  and  10.0  cc.  3/8  m  Mg,  we  find  again  that  the 
<^Ca,  must  vary  directly  in  proportion  to  CMg,  which  again  is 
Weber's  law.  Thus  if  the  MgCh  added  varies  from  2.5:  5:  10.0 
oc,  i.e.,  in  the  ratio  of  1 :  2: 4,  the  quantities  of  CaCU  required  are 
0.4 :  0.8: 1.6  cc,  which  is  also  the  ratio  of  1 :  2: 4. 

The  normal  concentration  of  Mg  is  about  6.0  cc.  in  50  cc.  of 
53olution.  Hence,  as  long  as  the  concentration  of  Mg  is  neither 
excessively  high  nor  low,  the  law  of  proportion  nearly  holds. 
Only  when  the  concentration  of  Mg  is  very  low  or  excessively 
liigh  do  we  find  deviations  from  this  law;  but  this  is  a  peculiarity 
^hich  we  find  in  all  other  cases  of  Weber's  law. 

It  agrees  also  with  our  statement  that  it  makes  no  difference 
xvhether  the  50  cc.  NaCl  +  KCl  are  present  in  m/4  or  m/2  solu- 
tiions,  since  we  are  dealing  here  only  with  the  antagonism  be- 
t:ween  Ca  and  Mg. 

Experiments  in  which  the  original  mixture  was  NaCl  +  KCl 
H-  CaCl2,  and  where  the  quantity  of  MgCb  required  to  induce 
xoiost  or  all  of  the  larvae  to  swim  was  ascertained,  gave  no  results 
^hich  could  be  utilized  for  quantitative  measurements,  for  the 
:^ason  that  it  is  impossible  to  find  a  sharp  end-point  which  could 
^erve  as  a  standard  of  measurements.    In  a  mixture  of  NaCl  + 
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KCl  +  CaCl2,  when  the  concentration  of  CaCl2  is  normal  or 
low  normal,  the  larvae  lie  a  long  time  on  the  bottom  of  the  di^^^^jj 
finally  some  will  rise  and  swim  to  the  light.    The  number  wh  g^j 
will  swim  will  be  increased  by  the  addition  of  MgCl2,  but  not- 
a  way  which  permits  quantitative  experiments. 

SUMMARY. 

The  variation  of  the  amount  of  Ca,  or  of  Ca  +  Mg,  requL:^:: — 
to  antagonize  various  concentrations  of  NaCl,  or  of  NaCl  +  Kl^:;^;^ 
was  investigated  for  a  ease  where  the  antagonism  concerned  he 
permeability,  and  for  a  case  where  it  concerned  irritability.  It 
was  found  that  in  the  case  of  irritability  the  Ca  required  vari<»(i 
in  direct  proportion  to  the  change  in  the  concentration  of  >^a.Ci 
(Weber's  law),  while  in  the  case  of  permeability  the  concentra- 
tion of  Ca  required  for  antagonism  varied  approximately  with  t  lie 
square  of  the  ratio  of  the  concentration  of  NaCl. 
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THE  SALTS  REQUIRED  FOR  THE  DEVELOPMENT 
OF  INSECTS. 


By  JACQUES  LOEB. 
{From  the  Laboratories  of  the  Rockefeller  Institute  for  Medical  Research.) 
(Received  for  publication,  October  8,  1915.) 

I. 

The  writer  reported  recently  that  it  is  possible  to  raise  the 
:>anana  fly  on  a  sterilized  liquid  medium  consisting  of  water,  one 
:ir  two  sugars  (grape  sugar  and  cane  sugar),  one  ammonium  salt 
e.g.t  ammonium  tartrate),  and  some  inorganic  salts.^  Such  a 
nixture  is  a  well  known  culture  medium  for  certain  microorgan- 
sms;  e.g.,  yeast  cells,  which  are  capable  of  synthetizing  their  pro- 
-eins  and  other  complicated  organic  compounds  from  ammonium 
;alts.  He  left  the  question  undecided  whether  or  not  microor- 
ganisms (either  in  symbiosis  with  the  fly  or  carried  with  it  to  the 
culture  medium)  acted  as  an  intermediate  in  this  synthesis,  and 
le  is  not  yet  ready  to  give  an  answer.  He  has  since  tried  to  find 
DUt  which  inorganic  salts  are  required  for  the  completion  of  the 
ife  cycle  of  the  fly.  This  question  is  interesting  for  the  foUow- 
ng  reason.  For  microorganisms  the  indispensable  ions  are,  as  a 
•ule,  K,  Mg,  PO4,  and  SO4,  while  very  often  neither  NaCl  nor  CaCU 
s  required.  In  1900  the  writer  called  attention  to  the  fact  that 
^OT  the  rhythmical  contractions  of  the  jellyfish,  GomonetmiSy  NaCl 
ivas  required  and  that  for  the  continuation  of  these  contractions 
M'aCl  and  CaCU  were  required  in  certain  proportions.^  Lingle 
ionfirmed  this  for  the  heart  beat  of  the  tortoise,^  and  Overton 
thowed  later  that  the  nerve  and  muscle  of  the  frog  lose  their  irri- 
ability  reversibly  if  they  are  kept  for  some  time  in  a  sugar  solu- 
••ion,  while  their  irritability  is  preserved  if  a  slight  amount  of 
NaCl  is  added  to  the  sugar  solution. 

1  Loeb,  J.,  Science,  1015,  xli,  IGO. 

«  Loeb,  Am.  Jour.  Physiol.,  1000,  iii,  383. 

•  Lingle,  D.  J.,  Am.  Jour.  Physiol. y  1002-03,  viii,  75. 
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The  banana  fly  possesses  a  high  degree  of  motility,  and  it  was 
therefore  of  interest  to  know  which  inorganic  salts  would  be  re- 
quired to  raise  a  number  of  successive  generations  possessing 
normal  activity. 

The  experiments  were  carried  on  in  a  platinum  vessel.  The 
nutritive  solutions  consisted  of  the  following  mixture: 

ffm. 

Grape  sugar  0.5 

Cane  sugar  0.5 

Ammonium  tartrate  0.1 

Citric  acid<   0.05 

K,HP04    0.005 

MgS04   0.005 

H,0   3  cc. 

All  the  substances  used  were  the  purest  that  could  be  obtained.  ^  j 
The  solution  was  put  into  a  platinum  vessel.    Into  this  vessel  j-^ 

was  put  a  basket  of  silver  netting  which  just  touched  the  upper  sur-  

face  of  the  solution.    The  flies  were  put  into  this  basket,  which  al-   g, 

lowed  them  to  lay  the  eggs  on  the  surface  of  the  nutritive  solution  Mr^n 
but  prevented  the  flies  from  falling  into  the  liquid  and  drowning.     _  ^ 
The  platinum  vessel  was  put  into  a  glass  cylinder  about  10  cm.  _ 
high  which  was  closed  with  absorbent  cotton.    Before  the  begin-  — 
ning  of  the  experiment  the  whole  was  sterilized  by  heating  in  an  .arn 
autoclave  to  120°  for  one  hour.    At  first  three  pairs  of  flies  were  ^»-e 
put  into  the  vessel,  left  there  for  four  days  in  order  to  lay  their  mr 
eggs,  and  then  quickly  removed.    After  this  the  flies  raised  mjarm:!! 

the  platinum  dish  were  used  for  propagation  in  the  manner  de  ^3- 

scribed. 

Thus  far,  five  successive  generations  of  flies  have  been  raisedEz^^-sd 
under  these  conditions  in  the  platinum  vessel.  The  motility  ofc^iDf 
the  flies  is  perfectly  normal.  The  experiments  show  that  with — 
out  any  other  NaCl  or  CaClo  than  that  which  may  appear  ^t." 
impurities  in  the  chemicals  used,  five  and  probably  indefinit»-^ie 
generations  of  flies  can  be  raised. 

The  only  salts  added  were  K2HPO4  and  MgS04.  Numeroii  is 
control  experiments  made  in  glass  vessels  showed  that  withou«Z-Jt 
either  the  addition  of  K  or  PO4  no  larvae  can  be  raised.   Whe^  "^fl 

*  The  citric  acid  was  added  to  keep  the  solution  acid  and  to  exclude  il^BKie 

development  of  bacteria  as  much  as  possible. 
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INa  was  substituted  for  K  no  flies  could  be  raised.  I  am  not  sure 
whether  Mg  and  SO4  are  as  indispensable  as  K  and  PO4,  since  in 
IK2HPO4  alone  occasionally  a  fly  developed.  It  is  certain,  how- 
ever, that  the  addition  of  MgS04  greatly  increased  the  number  of 
flies  raised. 

As  far  as  the  evidence  from  these  experiments  goes  we  can, 
"therefore,  say  that  in  these  flies  the  muscular  activity  is  possible 
either  without  any  Na  or  Ca  or  with  only  such  traces  as  appear 
in  the  form  of  impurities  in  the  chemically  pure  substances  used 
in  these  experiments;  while  K  as  well  as  PO4,  and  also  SO4,  and 
IMg  must  be  added  to  the  culture  medium  in  appreciable  quantity. 

We  intend  to  repeat  these  experiments  with  substances  which 
shall  be  absolutely  free  from  Na  and  Ca. 

II. 

The  experiments  show  that  as  highly  organized  an  animal  as  the 
iDanana  fly  can  be  raised  on  a  cultm*e  medium  as  simple  as  that 
i'equired  for  certain  microorganisms. 

As  far  as  the  writer  is  aware  it  is  generally  assumed  that  the 
evolution  of  higher  animals  could  only  have  taken  place  after 
^een  plants  had  come  into  existence,  since  the  latter  serve  di- 
rectly or  indirectly  as  food  for  the  animals.  While  this  is  gener- 
ally true  for  our  present  fauna,  the  possibility  is  not  excluded 
i^hat  an  evolution  of  animals  as  highly  specialized  as  insects  might 
liave  taken  place  independently  of  the  existence  of  green  plants. 

The  investigations  of  Winogradski*^  and  of  Godlewski  on  ni- 
Irite  and  nitrate  bacteria  seem  to  have  made  it  certain  that  these 
organisms  are  capable  of  forming  carbohydrates  from  carbon  diox- 
ide (or  possibly  other  carbon  compounds  in  the  air)  independently 
of  light;  and  the  same  may  be  true  for  certain  other  microorgan- 
isms. Microorganisms  of  this  type  might,  therefore,  suffice  to 
furnish  the  carbohydrates  necessary  for  the  development  of  other 
xnicroorganisms  which  require  sugars  for  their  growth.  Even  if 
we  assimie  that  in  our  experiments  yeast  cells^  or  other  microor- 

»  Winogradski,  S.,  Handb.  d.  tech.  Mykol.j  1904,  iii,  162.  See  also  Bei- 
jerinck,  M.  W.,  Folia  Microhiologica^  1914,  iii,  91. 

•  Guy^not,  E.,  {Compl.  rend.  Soc.  de  hxol.,  1913,  Ixv,  pt.  i,  178)  has  shown 
that  yeast  can  serve  as  food  for  Drosophila,  and  it  has  been  stated  that  in 
Oermany  yeast  has  become  a  general  food  for  higher  animals. 
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ganisms  acted  as  intermediates  in  the  building  up  of  proteins  for 
the  £iy  (which  is  quite  possible),  it  is  obvious  that  an  evolution 
of  animals  as  compUcated  as  the  banana  £iy  (which  usually  lives 
on  plant  food)  might  have  been  possible  without  the  existence  of 
chlorophyll,  provided  that  Winogradski's  conclusions  are  correct. 


'X'HE  OCCURRENCE  OF  PITUITRIN  AND  EPINEPHRIN 
IN  FETAL  PITUITARY  AND  SUPRARENAL  GLANDS. 


By  CAREY  PRATT  McCORD. 
(From  the  Research  Laboratory  of  Parke,  Davis  and  Company,  Detroit,) 

(Received  for  publication,  October  4,  1915.) 

For  the  growth  of  the  fetus  in  utero  it  is  undetermined  whether 
"fcle  greater  influence  is  exerted  by  the  maternal  internal  secretory 
System  or  by  the  newly  formed  glands  of  the  fetus  itself.  The 
^xlded  strain  incident  to  pregnancy  is  evidenced  in  the  mother's 
glandular  system  by  such  functional  hyperplasias  as  the  frequently 
c:>bserved  hyperthyroidism  or  the  altered  facies  indicative  of  a 
x:xiild,  transient  acromegaly  from  hyperpituitarism.  At  what  pe- 
riod of  development  the  embryo  comes  under  the  influence  of  the 
secretions  of  its  own  glands  is  not  known.  An  investigation  to 
c^stablish  the  earliest  developmental  period  in  which  it  is  possible 
t:.o  detect  the  presence  of  the  glandular  secretions  in  the  glands 
'tr.hemselves  would  be  of  value  to  the  full  solution  of  this  problem. 
The  work  which  led  to  this  report  was  the  examination  of  the  pit- 
viitary  and  suprarenal  glands  of  bovine  fetuses,  from  full  term 
loack  as  early  as  the  macroscopic  recognition  of  the  glands  was 
iDossible,  in  an  effort  to  establish  the  stage  at  which  these  glands 
Ciommence  the  elaboration  of  their  active  principles. 

Forty-two  embryos  in  various  developmental  phases  were  pro- 
c:;ured  in  fresh  condition  from  the  abattoirs.  In  those  that  were 
^t  or  near  full  term,  no  difficulty  was  encountered  in  the  separa* 
tiion  of  the  anterior  and  posterior  lobes  of  the  pituitaries.  In 
^"ounger  embryos  separation  was  not  possible  and  the  entire  gland 
Xivas  tested.  In  the  youngest  fetuses  it  was  necessary  to  freeze 
^he  bodies  to  facilitate  the  removal  of  the  glands.  To  provide 
Sufficient  material  to  bring  about  the  characteristic  physiologic  re- 
actions, several  of  the  youngest  embryos  of  approximately  the 
Same  ages  were  grouped  and  tested  as  one.    In  every  instance, 
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the  material  was  extracted  with  distilled  water  and  the  extract 
freed  of  protein  contamination. 

The  presence  of  the  active  principle  of  the  pituitary  was  meas- 
ured in  terms  of  oxytocic  activity,  by  means  of  the  method  of 
Dale  and  Laidlaw^  with  histamine  (/3-imidazolyl  ethylamine)  as  a 
standard  (Roth^).  This  oxytocic  test  under  optimum  working 
conditions  has  proven  qualitatively  active  with  special  pitu  tary 
preparations  in  dilutions  1  to  1,000,000,000.  Since  these  especi- 
ally prepared  pituitary  preparations  are  known  to  be  five  times 
as  active  as  histamine,  the  statement  above  is  grossly  in  accord 
with  that  of  Roth  that  the  test  is  sensitive  to  1  part  of  histamine  in 
250,000,000.  As  a  method  of  quantitative  assajdng,  this  oxytocic 
test  requires  the  most  exact  technique.  With  proper  consideration 
for  the  many  apparently  trivial  causes  of  error,  exquisitely  accurate 
results  may  at  times  be  obtained.  As  a  routine  procedure  for  the 
accurate  standardization  of  a  large  number  of  preparations,  the 
method  is  not  attended  with  such  ease  of  manipulation  as  is  sug- 
gested in  some  of  the  published  articles  descriptive  of  this  test. 

The  presence  or  absence  of  epinephrin  in  the  adrenal  glands 
was  detected  through  observations  of  the  influence  of  the  several 
extracts  in  relaxing  the  contracted  uterine  muscles  of  rodents. 
The  tests  were  made  upon  such  guinea  pig  uterine  muscles  as  were  t 
refractory  in  that  there  occurred  no  ready  spontaneous  relaxation 
after  being  stimulated  to  contraction  by  histamine.  Earlier 
Fenger*  examined  the  suprarenals  of  fetuses  for  the  presence  of"^«f 
the  crystalline  epinephrin.    He  was  able  to  recover  epinephrin  .«r:mn 
in  all  fetuses  examined,  but  his  studies  did  not  include  the  early^^j 

weeks  of  development.    This  writer  also  points  out  the  occur  •3- 

rence  of  iodine  in  fetal  thyroids. 

The  tests  for  pituitrin  were  begun  with  the  embryos  at  or  near:*:  -*r 
full  term.    Such  tests  and  others  back  as  early  as  nine  weeks  were^^^ 
quantitative  tests.    Pituitrin  was  present  in  all  extracts,  and  the^^ 
quantity  for  a  unit  of  weight  was  larger  than  for  the  adult.  The^^ 
quantity  present  in  the  several  stages  examined  was  in  proportioro*:  ^ 
to  the  stage  of  development.    At  a  period  represented  by  the^  e 


>  Dale,  H.  H.,  and  Laidlaw,  P.  P.,  Jour.  Pharm.  and  Exper,  Tkerap — 
1912-13,  iv,  75. 

2  Roth,  G.  B.,  Bull,  Hyg,  Lab.,  U.S.P.H.  and  No.  100,  1914.  5=3 

'  Fenger,  F.,  Jour.  Biol.  Chem.j  1912,  xii,  55. 
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seventh  and  eighth  weeks,  the  contents  of  the  cranium  were 
^ossly  only  a  viscid  mass  in  which  the  pituitary  could  no  longer 
be  recognized  although  the  sella  turcica  was  plainly  visible.  Physi- 
ologic testing  of  the  pituitary  was  not  feasible  for  this  or  any 
earlier  stage.  It  may  be  recalled  that  at  this  approximate  stage 
tihe  developing  anterior  lobe  encloses  and  invades  the  pars  nervosa 
^with  a  layer  of  cells  that  later  becomes  the  pars  intermedial  which 
probably  is  the  actual  secreting  portion  of  the  posterior  lobe. 
Thus  the  testing  for  pituitrin  is  positive  at  a  time  which  approxi- 
mated the  earliest  period  when  on  theoretical  grounds  secretion 
is  at  all  probable. 

The  parallel  testing  of  the  adrenal  extracts  for  physiologic 
evidence  of  the  presence  of  epinephrin  indicates  that  epinephrin 
^as  present  at  all  stages  examined.  Even  when  the  pituitaries 
were  no  longer  obtainable  in  the  very  young  embryos,  the  adre- 
nals were  distinct  entities  and  readily  obtainable.  At  the  end  of 
the  sixth  week,  the  epinephrin  tests  were  distinctly  positive. 

Further  details  as  to  weights,  ages,  etc.,  are  grouped  in  the 
table  that  follows. 

SUMMARY. 

Physiologic  reactions  characteristic  of  extracts  of  pituitary  and 
suprarenal  glands  have  been  obtained  from  bovine  fetal  glands 
during  all  developmental  stages  in  which  the  macroscopic  recog- 
nition of  the  glands  is  possible.  For  the  pituitary  gland,  this 
period  is  from  the  eighth  week  to  full  term;  for  the  suprarenals 
the  period  is  from  the  sixth  week  to  full  term.  The  presence  of 
the  active  principles  of  these  glands  at  so  early  a  developmental 
period  suggests  that  the  fetus  in  utero  may  be  under  the  influ- 
ence of  its  own  internal  secreting  glands  as  well  as  the  maternal 
glands. 
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The  Occurrence  of  Pituitrin  and  Epinephrin  in  Fetal  Glands, 
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RemArks. 


The  5  embryos 
were  grouped 
and  tesied  as 
one. 


Noe.  6,  9.  and  11 
were  grouped 
together  to  be 
tested.  Extract 
made  from  the 
pituitarv  glands 
rrmoved  irom 
Noa.7.8.10,and 
12  was  tested 
quantitatively. 


Nos.  14.  15.  16. 
and  17  were 
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N0.IS  was  tested 
quAQtitatively. 


NoA.  18.  19.  and 
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together  to  be  1 
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Nos.  21.  22.  and  J 
24  were  grouped  J 
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tested.  The  ex 

tract  made  fi   

the  pituitary-MC""^ 
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THE  RESUMPTION  OF  GROWTH  AFTER  LONG 
CONTINUED  FAILURE  TO  GROW.^ 


By  THOMAS  B.  OSBORNE  and  LAFAYETTE  B.  MENDEL. 

"^^ITH  THE  COOPERATION  OP  EDNA  L.  FERRY  AND  ALFRED  J.  WAKEMAN. 

**^«»»  the  Laboratory  of  the  Connecticut  Agricultural  Experiment  Station 
and  the  Sheffield  Laboratory  of  Physiological  Chemietry  in 
Yale  University f  New  Haven,) 

(Received  for  publication,  October  22,  1915.) 

The  failure  of  an  individual  to  grow  or  to  complete  its  growth 
^xi  a  normal  manner  during  the  period  in  which  this  function  or- 
dinarily is  exercised  raises  a  number  of  problems  of  far  reaching 
"physiological  importance.  Some  of  these  have  been  considered 
in  detail  in  an  earlier  paper.^  Contrary  to  the  belief  expressed 
by  a  number  of  prominent  physiological  writers,  it  was  demon- 
strated that  even  if  growth  is  repressed  for  a  long  time  the  ca- 
pacity to  grow  is  not  necessarily  lost  at  the  end  of  the  period  at 
which  growth  ordinarily  ceases  in  any  species.  For  example, 
we  presented  the  record  of  an  albino  rat  (1012cf )  which  had  not 
exceeded  a  body  weight  of  127  gm.  at  the  end  of  370  days  of  age. 
This  is  approximately  100  days  beyond  the  age  at  which  growth 
ordinarily  ceases  and  is  well  beyond  the  middle  of  life  in  individu- 
als of  rat  colonies  maintained  under  our  laboratory  conditions. 
Nevertheless  on  an  appropriate  dietary  this  animal  promptly 
began  to  grow  again,  reached  a  satisfactory  maximum  weight  of 
280  gm.  by  growing  at  a  rate  approximately  normal  for  its  size, 
and  continued  to  live  until  the  age  of  about  700  days  when  it 
died  of  lung  disease. 

The  foregoing  instance  of  the  capacity  of  a  dwarfed  individual 
to  grow  at  an  age  where  others  of  the  same  species  have,  by 

^  The  expenses  of  this  investigation  were  shared  by  the  Connecticut 
Agricultural  Experiment  Station  and  the  Carnegie  Institution  of  Wash- 
ington, D.  C. 

*  Osborne,  T.  B.,  and  Mendel,  L.  B.,  Jour.  Biol.  Chem.f  1914,  xviii,  95. 
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growing,  lost  the  ability  to  undergo  further  increment  in  size  is 
not  an  isolated  case.  Few  investigators  before  us  have  succeeded 
in  repressing  growth  in  this  manner  beyond  the  period  of  adoles- 
cence. The  earlier  trials  of  Aron,  who  likewise  found  a  capacity 
to  grow  long  retained,  were  not  thus  prolonged.  In  the  case  of 
dogs  he  believed  that  it  was  ultimately  lost  when  an  age  corre- 
sponding to  adult  life  was  reached.'  Subsequently  Aron's  experi- 
ence with  rats  led  to  a  different  statement.    Thus  he  wrote: 

Die  Wachstumsfahigkeit  geht  also  auch  durch  langdauemde  Perioden 
des  Wachstumsstillstandes  nicht  verloren;  der  Wachstumstrieb  bleibt  tiber 
die  Dauer  der  Wachstumahemmimg  hinaus  erhalten,  unter  Umatanden  so- 
gar  bis  in  ein  Alter  hinein,  in  dem  sich  normalerweise  die  Wachstums- 
f&higkeit  schon  zu  verlieren  beginnt  oder  ganzlich  erloschen  ist.  Diese 
Feststellung,  dass  der  Wachstumstrieb,  jene  den  Keimzellen  immanente, 
von  ihr  auf  alle  anderen  Zellen  des  jugendlichen  Organismus  vererbte 
Kraft  nach  langdauernden  Wachstumshemmimgen  infolge  Unteremahning 
latent  bleiben  kann,  dass  ein  im  Wachstum  gehemmtes  Tier  noch  in  einem 
Alter  zu  wachsen  vermag,  in  dem  seine  normalen  Geschwistertiere  diese 
Fahigkeit  physiologisch  verloren  haben,  ist  deshalb  wichtig,  weil  man 
bisher  immer  von  der  Voraussetzung  ausgegangen  ist,  dass  Wachstums- 
fahigkeit und  Jugend  in  einem  urs&chlichen  Zusammenhang  stehen,  dass 
der  Wachstimistrieb  als  eine  spezifische  Eigenschaft  der  jugendlichen  Zel- 
len anzusehen  ist.  Da  nach  unseren  Versuchen  Wachstumsf&higkeit  und 
Intensitat  des  Wachstumstriebes  nicht  mehr  als  eine  Funktion  des  Lebens- 
alter  gelten  konnen,  werden  auch  alle  jene  Theorien  hinf&llig,  welche  den 
Ablauf  des  Wachstumsvorganges  abhangig  machen  wollen  von  der  nach 
der  Befruchtung  der  Eizelle  verstrichenen  Zeitspanne,  von  der  Zahl  de- 
im  Korper  abgelaufenen  Zellteilungen  oder,  wie  Rubner  annimmt,  von  de- 
Grosse  der  umgesetzten  Calorienzahl.  Ob  sich  bei  noch  langer  fortgesetzr 
ter  Wachstumshemmung  nicht  schliesslich  ein  Zeitpunkt  im  Leben  der 
Tiere  erreichen  lasst,  an  dem  die  Wachstimdsfahigkeit  vdllig  erlischt,  darr 
auf  bleiben  meine  Versuche  noch  die  Antwort  schuldig;  begntigen  wir  un- 
mit  der  Feststellung,  dass  ein  durch  Unterem&hrung  im  Wachstum  ges 


'  Aron,  H.,  Weitere  Untersuchungen  iiber  die  Beeinfiussung  des  Wacbs- 
tums  durch  die  Ern&hrung,  Verhandl.  d.  SQaten  Versammlung  d.  GeaelUch, 
f.  Kinder h.fl9l2,  p.  99,  wrote  of  these  experiments:  '*Die  Versuche  erge- 
ben  ohne  Zweifel,  dass  die  Tiere  trotz  der  intensiven  Wachstumshemmung, 
die  sich  aber  nicht  iiber  die  ganze  Jugendzeit  erstreckte,  noch  ilber  eine 
lebhafte  Wachstumsfahigkeit  verfugen.  Recht  interessant  ist  im  Gegen- 
satz  hierzu  das  Ergebnis  eines  friiher  angestellten  Hundeversuches,  der 
darauf  schliessen  lasst,  dass  die  Wachstmnsffihigkeit  erlischt,  wenn  die 
Nahrungsbeschrankung  und  der  Wachstumsstillstand  sich  uber  die  ganze 
Jugendzeit  ausdehnen." 
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hemmtes  Tier  seine  Wachstumsfahigkeit  bis  in  ein  Alter  hinein  behalt,  in 
dem  diese  nonnalerweise  schon  erloschen  ist.^ 

We  have  already  observed  the  resumption  of  growth  in  several 
rats  after  its  suppression  for  more  than  500  days — twice  the  age 
at  which  adequate  size  is  ordinarily  reached  by  the  normally  de- 
veloping individuals  in  the  same  environment.  A  partial  record 
of  one  of  them  was  presented  in  our  previous  paper,*  Chart  II, 
531  9  .  Some  of  the  statistics  in  relation  to  animals  stunted  more 
than  400  days  are  given  below.  Animals  of  different  sizes  c'ur- 
ing  the  stunting  period  are  represented. 


Capacity  of  Albino  Rata  to  Grow  at  Very  Late  Age  after  Suppreaaion  of 

Growth. 


Rat. 

Growth  resumed  at 

Final  maximum  body 
weight. 

Ase. 

Body  weight. 

day» 

gm. 

gm. 

531 9  

552 

170 

204 

2031  9  

537 

108 

187 

20339  

512 

58 

222 

5699  

479 

167 

228 

23399  

401 

104 

259 

It  should  be  noted  in  connection  with  the  foregoing  individu- 
als that  their  curve  of  growth  after  the  period  of  suppression  was 
as  a  rule  comparable  with  that  of  a  growing  rat  of  the  same  size 
and  sex.  The  usual  rate  of  body  increment  was  not  diminished, 
but,  if  anything,  was  sometimes  somewhat  accelerated  during  the 
resumption  of  the  growth  function.®  How  much  longer  than  552 
days  the  capacity  to  grow  can  be  retained  in  albino  rats  remains 

•  Aron,  H.,  Untersuchungen  iiber  die  Beeinflussung  des  Wachstums 
durch  die  Ernahrung,  Berl.  klin.  Wchnachr.,  1914,  li,  972. 

•  Osborne  and  Mendel,  The  Suppression  of  Growth  and  the  Capacity 
to  Grow,  Jour.  Biol.  Chem.,  1914,  xviii,  105. 

•  The  data  for  two  male  rats,  2036  and  2038,  in  which  growth  was  sup- 
pressed until  the  ages  of  532  and  509  days  respectively  are  not  included  in 
the  tabular  summary  above.  They  resumed  growth  promptly  when  a 
suitable  diet  was  offered,  and  grew  from  108  to  180  gm.  and  from  122  to  230 
gm.  respectively.  An  accident  in  the  laboratory  terminated  these  experi- 
ments before  they  were  carried  to  a  satisfactory  conclusion. 
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to  be  ascertained;  at  any  rate  there  was  no  sign  of  an  incipient 
impairment  in  the  experiments  recorded.  To  enable  the  reader 
to  appreciate  the  full  significance  of  the  data  presented  we  may 
remark  that  fully  half  of  our  stock  rats  have  died  before  the  age 
of  600  days. 

Among  the  inquiries  raised  in  relation  to  the  resumption  of 
growth  is  the  question  as  to  whether,  despite  the  demonstrated 
renewal  of  growth,  animals  that  have  long  been  stunted  can  ever 
reach  the  full  size  and  physical  equipment  characteristic  of  un- 
retarded  individuals.  According  to  Aron,  who  has  also  consid- 
ered this  feature,  prolonged  stunting  of  rats  through  the  usual 
period  of  growth  leads  to  permanent  damage.    Thus  he  writes: 

Eine  andere  Frage  ist  nun,  ob  durch  intensive  und  langdauemde  Un- 
terernahrung  im  Wachstum  gchcmmte  Tiere  imstande  sind,  das  Versaumte 
im  hoheren  Alter  restlos  wieder  nachzuholen  und  normale  Grosse  und  nor- 
males  Gewicht  zu  erreichen.  Erstreckt  sich  die  Wachstumshemmung  nicht 
uber  eine  allzu  lange  Zeitspanne  (etwa  50-150  Tage  bei  Ratten),  so  tritt 
wohi  eine  zeitliche  Verzogerung  im  Ablauf  des  Wachstumsvorganges  ein, 
die  Tiere  erreichen  schliesslich  in  entsprechend  hoherem  Alter  aber  ein 
Gewicht  und  eine  Grosse,  die  jedenfalls  nicht  nennenswert  von  der  der 
normal  ernahrten  Geschwistertiere  abweicht.  Wurden  die  Tiere  aber  im 
Wachstum  soiange  zuriickgehalten,  bis  die  normalen  Vergleichstiere  vdllig 
ausgewachsen  erschienen,  und  jetzt  erst  auf gef titter t,  so  wachsen  sie  zwar 
noch,  erreichen  endgultig  aber  nicht  mehr  Gewicht  und  Grosse  eines  nor- 
malen Tieres.  Derartig  langdauernde  Wachstumshenunungen  haben  also 
eine  dauernde  Schadigung  zur  Foige.* 

A  detrimental  effect  of  the  sort  here  described  is  by  no  means 
a  necessary  outcome  of  prolonged  stuhting  of  rats  by  means  of 
dietary  deficiencies.  We  have  selected  for  the  appended  chart 
(Rats  1012,  2031,  2033,  2161,  2180,  2339,  2476)  a  number  of 
illustrations  of  attainment  of  adequate  body  weight  aft^r  sup>- 
pression  of  growth  during  a  period  essentially  equal  to  or  exceed- 
ing the  normal  growth  period.  The  preliminary  failure  to  grow 
in  the  cases  here  selected  from  typical  experiments  was  brought 
about  by  a  variety  of  intentionally  enforced  dietary  conditions, 
such  as  limited  quantity  of  food  (2033  9 ),  rations  low  in  protein 
(2180cf,  2339  9),  qualitatively  inadequate  proteins  (20319, 
2161  cf,  2476  9),  and  the  use  of  artificial  ''protein-free  milk"  in. 
the  diet  (1012cf ). 
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Many  of  the  attempts,  after  suppression  of  growth,  to  bring 
about  as  perfect  a  completion  of  the  developmental  processes  as 
is  indicated  in  the  preceding  discussion  have  failed.  The  ques- 
tion has  been  raised  as  to  whether  the  initial  age  or  size  at  which 
the  stunting  began  was  of  consequence.  A  brief  period  of  sup- 
pressed growth  at  any  age  is  without  detriment.  It  is  easily 
conceivable  that  long  continued  dwarfing  at  a  period  of  develop- 
ment represented  by,  say,  60  gm.  body  weight  might  be  far  more 
damaging  than  an  equally  long  suppression  at  160  gm.  or  some 
period  nearer  adult  size.  If  the  growth  impulse  decreases,  as 
some  believe,  with  increasing  growth  and  age,  it  may  be  greater 
in  a  small  rat  than  in  one  two-thirds  grown,  even  after  long  peri- 
ods of  suppression.  Our  records  show  numerous  prompt  responses 
to  the  opportunity  to  complete  growth  at  all  sizes,  after  suitable  types 
of  suppression  of  growth.  The  sexual  matiuity  of  rats  is  reached 
somewhere  about  the  ages  at  which  the  body  weight  here  repre- 
sented is  normal.  This  too  may  be  a  potent  factor.  We  have 
therefore  supplemented  our  earlier  experiments  by  stunting  trials 
in  which  the  retardation  of  growth  was  brought  about  at  com- 
paratively early  age.  The  series  of  explanatory  data  tabulated 
below,  part  of  which  are  reproduced  graphically  in  the  appended 
chart,  show  that  even  when  the  stunting  is  attempted  for  very  long 
periods  from  an  early  age  the  capacity  to  resume  growth  adequately 
is  retained. 

Whether  animals  which  resiune  their  growth  at  a  very  late  age 
develop  into  individuals  normal  in  every  respect  besides  their 
external  appearance,  rate  of  growth,  and  ultimate  size,  is  not  so 
easily  answered.  It  is  conceivable  that  during  the  stunting  period 
certain  tissues  are  permanently  impaired  without  furnishing  evi- 
dence by  any  of  the  criteria  which  we  have  selected.  It  is  also 
not  impossible  that  developmental  changes  may  proceed  even  in 
the  absence  of  an  increment  of  size.  A  true  "dwarf  may  ex- 
hibit the  form  and  proportions  of  an  adult  while  retaining  a  very 
small  size.  Aron  has  cited  the  case  of  a  young  rat  which  had 
been  kept  at  the  constant  weight  of  56  gm.  during  50  days  and 
yielded  a  total  ash  of  5.05  gm.  in  contrast  to  a  content  of  2.1  gm. 
ash  in  a  growing  rat  weighing  62  gm.  This  more  than  twofold 
increment  during  stationary  weight  suggests  a  continuance  of  os- 
seous changes  even  in  the  absence  of  growth  of  the  body  as  a  whole. 
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Summary  of  Experiments  on  Reaumption  of  Growth  after  Prolonged  Periods 
of  Suppression  of  Growth  * 


Stunting  began  at 

Growth  resumed  at 

Madmutn  body 

Rat. 

weight  a^aincd 

after  growth 

Body  weight. 

Ago. 

Body  weight« 

Age* 

waa  reeumed. 

gtn. 

day» 

gm. 

-  daft 

1  ono  o 

50 

35 

51 

220 

1Q9 

(lAQO  rk  +  ■¥ 

53 

39 

59 

513 

53 

44 

60 

329 

ioO 

59 

43 

65 

254 

Loo 

68 

49 

69 

193 

AlA 

Of  At       ^  + 

53 

38 

73 

248 

9no 
«SUV 

34 

38 

73 

314 

lav 

52 

35 

73 

303 

o/O 

74 

45 

76 

154 

1 

1 1  CA  r» 

55 

33 

92 

151 

IVf 

92 

57 

92 

148 

92 

42 

92 

185 

I/O 

o>ioc  n 

90 

48 

96 

337 

96 

42 

97 

231 

2343  

98 

57 

98 

190 

306 

21169  

60 

34 

103 

311 

105 

U239   

96 

55 

119 

215 

189 

2339  9  t...   

48 

39 

104 

401 

259 

23699  

79 

45 

104 

380 

247 

21149  

65 

42 

106 

321 

202 

11139....  

95 

56 

107 

237 

174 

1109  9   

64 

45 

108 

166 

109 

2031  9 t,  t  

48 

44 

108 

537 

.  188 

20366^  

52 

39 

108 

532 

180 

12139  

56 

31 

109 

169 

m 

2104  9  

89 

44 

109 

322 

282 

2126  9   

87 

53 

109 

158 

164 

1568d^  

52 

30 

117 

157 

292 

2476  9  t  

54 

31 

118 

322 

231 

1696  9  

(kS 

43 

122 

271 

170 

2a38d'  

46 

37 

122 

509 

232 

10120^1  

69 

47 

127 

371 

281 

*  It  should  be  remembered  in  considering  these  data  that  the  avera^^ 
maximum  reached  by  our  rats  is:  for  females,  about  200  gm.;  males,  aboL-^ 
300  gm.   Many  of  the  experiments  were  undertaken  for  different  purpose  ^ss® 
than  those  here  indicated  and  were  stopped  before  the  maximum  possibi  ^-^'^ 
weight  was  attained. 

t  The  illustrative  growth  records  of  these  rats  are  shown  in  the  a^'  ^P' 
pended  chart. 

t  Photographs  of  this  rat  before  and  after  resumption  of  growth  a"  ^ 
reproduced  in  the  text. 
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on  has  emphasized  changes  of  form  undergone  by  animals  which 
3  maintained  at  stationary  weight  before  the  completion  of 
Dwth — a  feature  which  Waters  has  pointed  out  in  his  studies 
the  capacity  of  cattle  to  grow  under  adverse  conditions.^  Ac- 


Fig.  1.  Rat  2161  (below)  photographed  at  the  age  of  246  days,  and 
ly  weight  of  71.5  gm.  The  diet  contained  zein  with  very  small  addi- 
ns  of  tryptophane  and  lysine.  The  upper  picture  shows  the  animal 
ter  resumption  of  growth)  at  the  age  of  459  days  and  body  weight  of 
>  gm. 


^  This  topic  is  discussed  in  our  monograph,  Carnegie  Instilution  of  Wash- 
jtorif  Publication  No.  156 ^  pt.  ii,  1911. 


446 


Resumption  of  Growth 


cording  to  Aron  the  alterations  in  external  form  that  he  has  ob- 
served during  cessation  of  growth  are  not  as  conspicuous  in  rats 
as  in  dogs  which  were  the  subjects  of  his  earliest  investigations. 
We  have  not  been  impressed  by  the  appearance  of  such  distor- 
tions of  form  in  our  rats  during  prolonged  stunting,  but  as  yet 
we  have  no  actual  measurements  upon  which  the  decision  as  to 
the  occurrence  of  such  phenomena  must  actually  be  based.  In- 
asmuch as  they  are  supposed  to  involve  the  skeletal  ports,  it 
ougbt  not  to  be  difficult  to  get  convincing  data. 

The  comparable  photographs^  of  Rat  2161  show  the  aoimal 
(below)  at  the  age  of  246  days  and  71.5  gm.  body  wei|^t  after 


Fio.  2.   Rat  2028  9  photographed  at  the  age  of  325  days  and  at  a  bod>^ 
weight  of  55  gm.,  after  281  days  of  stunting  on  a  limited  daily  qiia&tit]^^" 
of  food.   This  animal  subsequently  grew  to  the  usual  adult  siie  of  185  gn^  — 

on  a  suitable  diet. 

a  prolonged  suppression  of  growth  on  a  diet  in  which  the  eeaen  

tial  nitrogenous  component  consisted  of  the  protein  zein  with  th^^ 
addition  of  tryptophane  and  lysine  in  small  amounts  (see  pag^^ 
449).    Growth  was  resimied  at  the  age  of  248  days  on  a  diet  irr^ 
which  zein  and  the  amino-acids  were  replaced  by  casein.  Thc-^ 
upper  photograph  shows  the  same  rat  at  the  age  of  459  days  witl 

•  All  of  the  photographs  reproduced  in  the  text  were  made  under  exactlj^ZZ- 
comparable  conditions  with  respect  to  focal  distance,  apparatus,  etc. 
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a  body  weight  of  295  gm.  The  growth  curve  is  plotted  in  the 
appended  chart.  Rat  2028  9  is  shown  stunted  at  the  age  of  325 
days  and  body  weight  of  55  gm.  This  animal  was  fed  during  281 
days  on  a  quantity  of  milk  food  so  limited  daily  that  no  increment 
in  weight  was  possible.    It  subsequently  resumed  growth  satis- 


FiG.  3.  Rat  2033  9  (below)  photographed  at  an  age  of  505  days  after 
prolonged  stunting  at  a  body  weight  of  53  gm.  Growth  was  prevented  by 
limiting  the  daily  quantity  of  food.  The  upper  photograph  shows  the 
4Uiimal  after  resumption  of  growth  on  a  suitable  food  to  a  body  weight  of 

"90.^^  crm 
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factorily  when  the  ration  was  made  more  liberal,  reaching  a  body  — 
weight  of  185  gm.    Rat  2033  9  (below)  was  similarly  stunted  J 

to  505  days  of  age,  at  a  body  weight  of  53  gm.    Rat  2031  9  (be  

low)  was  stunted  to  510  days  and  a  body  weight  of  102  gm.  on  « 
a  diet  in  which  the  protein  was  derived  from  corn  glut<?n.  BotliM 


Fig.  4.  Rat  2031  9  (below)  photographed  at  an  age  of  510  days,  after 
slow  growth,  to  a  body  weight  of  102  gm.,  was  made  on  a  diet  in  which  the 
protein  was  derived  from  corn  gluten. 

The  upper  photograph  shows  the  animal  after  resumption  of  growth  on 
a  suitable  food  to  a  body  weight  of  188  gm. 
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of  these  rats  resumed  growth  on  suitable  rations  and  reached 
body  weights  as  follows:  2033  9  ,  205  gm.;  2031  9  , 188  gm.,  when 
they  were  photographed  as  shown  in  the  upper  pictures  in  each 
case. 

From  our  own  experience  we  can  at  least  say  that  the  procrea- 
live  functions  are  not  necessarily  impaired  by  stunting  before  the  age 
at  which  breeding  is  ordinarily  possible.  We  have  kept  two  rats, 
2154  9  and  2161  d^,^  at  body  weights  not  exceeding  65  and  73 
gm.  respectively  frpm  the  ages  of  43  and  38  days  until  they  were 
253  and  248  days  old.  The  failure  to  grow  was  due  to  the  quali- 
tative insufficiency  of  the  protein  of  the  diet.  It  consisted  of 
idn  with  the  addition  of  the  amino-acids  tryptophane  and  lysine 
in  small  amounts — ^just  sufficient  for  maintenance  without  growth. 
The  composition  of  the  food  was  essentially  as  follows: 


Growth  was  resumed  when  the  nitrogenous  components  of  this 
diet  were  replaced  by  casein  or  lactalbumin.  The  animals  were 
subsequently  paired  and  the  female  gave  birth  to  eight  young 
when  she  had  reached  an  age  of  310  days.  Other  rats  stunted 
for  long  periods  of  time  have  likewise  given  birth  to  young  when 
the  resumption  of  growth  was  completed.  For  example  Rat 
2339  9  and  Rat  2369  9  (see  table,  page  444)  gave  birth  to  young 
at  the  ages  of  535  and  510  days  respectively.  No  damage  to  the 
maternal  functions  from  the  suppression  of  growth  was  here 
manifested. 

There  are,  of  course,  many  ways  of  inhibiting  growth.  In- 
sufficient food,  insufficient  protein  or  inorganic  salts,  or  unsuit- 
able protein  each  may  be  the  contributory  cause.  It  does  not 
follow  that  the  outcome  of  the  suppression  will  be  equally  harm- 
less in  every  case.  Among  the  many  records  of  experiments  which 
we  have  conducted  with  various  objects  in  view,  other  than  those 

•  See  appended  chart  for  the  growth  curve  of  this  rat,  of  which  photo- 
graphs are  shown  in  the  text. 


per  cent 


Protein  and  amino-acids 

Starch  

Lard  

Butter  fat  

"Protein-free  milk"  


18 
27 
9 
18 
28 
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specially  considered  in  this  paper,  there  are  a  number  in  which 
animals  were  maintained  at  stationary  weight  or  experienced  un- 
usually slow  growth  owing  to  specicd  deficiencies  of  their  diet. 
By  decreasing  the  content  of  protein  alone  in  a  ration  which  un- 
changed would  in  every  way  suffice  for  adequate  growth,  it  be- 
comes possible  to  decrease  the  increment  of  body  weight  at  will. 
With  lower  and  lower  proportions  of  protein  growth  becomes  cor- 
respondingly less  rapid.  In  this  way  the  content  of  protein  can 
be  reduced  to  a  level  where  no  growth  whatever  results,  but  the 
animals  are  maintained  at  constant  body  weight.^"  Receiving 
an  abundance  of  all  the  nutrients  except  protein,  they  may  be 
kept  stunted  on  the  low  protein  ration  for  long  periods  of  time. 

Aron  looks  upon  the  suppression  of  growth  by  furnishing  a 
ration  low  in  protein  alone  as  more  deleterious  for  a  subsequent 
renewal  of  growth  than  is  underfeeding  with  a  food  mixture  en- 
tirely adequate,  if  fed  liberally,  for  normal  growth. 

Auch  nach  einer  durch  fortgesetzte  eiweissanne  Ern&hrung  hervorgeni- 
fenen  Wachstumshemmung,  durchgefUhrt,  bis  die  eiweissreich  em&hrten 
Geschwistertiere  ausgewachsen  erscheinen  und  Junge  gezeugt  haben,  be- 
ginnt  bei  Uebergang  auf  die  nonnale,  eiweisareiche  Ernahrung,  das  bis 
dahin  zuriickgehaltene  Gewichts-  und  Grossenwachstum  sich  aufs  neue  su 
entf alien.  Eine  l&ngere  Periode  eiweissarmer  Em&hrung  scheint  aber  den 
Wachstumstrieb  deletarer  zu  beeinflussen  als  eine  im  Ubrigen  ahnliche 
Wachstumshemmung  durch  Unteremahrung;  die  Tiere  wachsen  zwar  noch, 
erreichen  aber  auch  bei  fortgesetzt  eiweissreicher  Ern&hrung  im  hdheren 
Alter  nicht  mehr  die  Maasse  eines  von  vornherein  eiweissreich  gefiltterten 
Kontrolltieres.  Meinen  bisherigen  Versuchen  an  Ratten  glaube  ich  ent- 
nehmen  zu  miissen,  dass  eiweissanne  Ern&hrung  in  der  Jugendzeit  die 
Tiere  nachhaltiger  sch&digt  als  einfache  Unteremahrung.^ 

As  an  illustration  Aron  shows  the  growth  curves  of  rats  grow- 
ing on  a  diet  containing  12  per  cent  of  casein,  and  of  others  stunted 
by  the  same  food  containing  only  2.5  per  cent  of  the  protein. 
The  latter  animals  started  to  grow  when  more  adequate  food  was 
furnished  to  them  at  the  age  of  about  190  days;  but  they  failed 
to  reach  full  adult  size. 

The  records  of  a  not  inconsiderable  number  of  our  own  animals 
which  were  prevented  from  growing  for  long  periods  by  the  de- 
ficiency of  protein  in  the  ration,  and  were  subsequently  fed  a 

Compare  Osborne  and  Mendel,  Jour.  Biol.  Chem,,  1915,  xx,  351. 
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more  suitable  food  mixture,  show  that  the  foregoing  statement  of 
Aron  is  by  no  means  tenable  as  a  general  rule.  A  few  illustra- 
tive records  are  summarized  in  tabular  form. 


Tabtdar  Summary  of  Growth  Records  of  Rats  after  Early  Prolonged 
Suppression  of  Growth  Owing  to  Low  Concentration  of  Protein 
in  the  Food  Mixtures* 


Rat. 

Duration  of 
restricted  diet. 

Ace  at  which 
norma!  growth 
was  returned. 

Maximum  body 
weight  during 
stuntirg 
periods. 

Maximum  body 
weight  finally 
reiiched. 

Age  at  time  <rf 
maximum 
weight. 

day» 

daya 

gm. 

gm. 

daya 

20499t... 

184 

413 

2051<ft... 

327 

549 

21049... 

279 

322 

109 

276 

580 

21129.... 

267 

309 

108 

206 

514 

21139.... 

278 

320 

127 

224 

524 

21149.... 

280 

322 

106 

202 

367 

21169.... 

277 

311 

103 

195 

446 

2180<f .... 

278 

303 

73 

376 

487 

2293^*.... 

155 

193 

69 

434 

497 

23219.... 

98 

144 

74 

172{ 

229 

2342^*.... 

91 

148 

92 

276t 

333 

2343^*.... 

133 

190 

98 

306 

450 

24289.... 

72 

135 

93 

213 

427 

24459... 

79 

129 

96 

176 

249 

24619.... 

143 

185 

92 

173 

224 

24639.... 

191 

233 

98 

213 

420 

*  It  should  be  remembered  in  considering  these  data  that  the  usual  adult 
weight  reached  by  our  rats  is:  for  females,  about  200  gm.;  males,  about 
300  gm.  Many  of  the  experiments  were  undertaken  for  different  purposes 
than  those  here  indicated  and  were  stopped  before  the  maximum  possible 
weight  was  attained. 

t  These  animals  were  allowed  to  grow  very  slowly  but  continuously  on 
a  diet  low  in  protein. 

t  These  animals  died  of  lung  disease  which  may  have  impaired  their 
ability  to  attain  a  larger  size. 

The  curve  for  Rat  2180  c?'  in  the  appended  chart  afifords  a  strik- 
ing example  of  the  retention  of  the  capacity  to  reach  full  adult 
size  after  a  prolonged  suppression  of  growth  to  the  age  of  303 
days  with  food  of  low  protein  content.  Resumption  of  growth 
was  prompt  and  complete  when  the  protein  was  increased  to  18 
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per  cent.    The  animal  reached  the  unusually  high  maximum  bodjr-^^  j 
weight  of  376  gm.    Partial  statistics  of  two  other  rats  (2104  9  »  ^ 
2112  9 )  which  also  reached  full  size  after  a  similar  earlier  stuntin^^ 
during  part  of  the  time  on  2  per  cent  lactalbimiin  food  are  giveir^^^j 
in  the  smnmary.   Somewhat  similar  results  with  even  lower  pro-^i:>-Q 
tein  concentrations  in  the  food  of  early  life  were  obtained  witlC.:^^^ 
Rats  23426^,  23219,  and  2343  c?'  as  shown  in  the  summary%^-j. 
Even  rats  which  had  been  fed,  first  for  some  time  on  a  diet  whic?-;::^  q}^ 
furnished  no  nitrogen  other  than  is  contained  in  our  "protein-fre^^— 
milk,"  and  then  on  foods  low  in  protein,  were  not  damaged  so  ^  as 
to  prevent  a  subsequent  renewal  of  growth  to  a  size  quite  ad»  JEie- 
quate  for  their  sex  (see  page  451,  Rats  2428  9  and  2445  9  ^^), 
The  record  of  Rat  2463  9  illustrates  the  tenacity  with  which  tWT  ^be 
capacity  to  grow  is  maintained  unimpaired  despite  very  seve^^ere 
earlier  malnutrition.   This  animal  received  a  diet  containing 
its  protein  addendum  2  per  cent  of  gliadin,  on  which  it  lost 
gm.  during  a  period  of  49  days.    It  was  then  maintained  with( 
further  loss  for  21  days  on  2  per  cent  lactalbumin  food.  The 
hibition  of  gradual  increments  in  the  content  of  this  food  pro 
in  successive  stages  of  4.5,  5,  7,  and  9  per  cent,  resulted  in  sal 
factory  completion  of  growth  to  a  size  of  213  gm.   Here  we 
resumption  of  growth  on  food  which  at  best  is  not  rich  in  prote^in, 
though  the  latter  is  of  a  superior  quality  as  judged  by  our  studies 
on  the  minimum  protein  requirement." 

A  similar  resumption  of  growth  with  9  per  cent  edestin  foocJ  k 
exhibited  in  the  case  of  Rat  2113  9  .   The  summary  also  contsi-XDs 
indications  of  experiments  in  which  the  suppression  was  accom- 
plished with  diets  low  in  casein  (Rats  2116  9  ,  2051  cf),  and  lew 
in  glycinin  (Rat  2461  9 )  as  the  added  protein. 

In  a  number  of  instances  we  have  conducted  the  feeding  ex- 
periments so  as  to  bring  about  a  slow,  prolonged  growth,  by 
furnishing  a  ration  in  which  the  relatively  low  content  of  protein 
has  permitted  a  growth  less  rapid  than  that  which  is  secured  with 
a  higher  nitrogenous  intake.    The  period  of  slow  growth  may 


greatly  prolonged  in  this  way;  nevertheless  appropriate  advU  siu  m  j- 

can  ultivmtely  he  reached,  thus  attesting  the  retention  of  an  ef-  I  ^^^^ 

fective  growth  impulse  and  an  absence  of  any  impairment  which  | 

"  Osborne  and  Mendel,  Jour.  Biol.  Chem.,  1915,  xxii,  241. 
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3revents  the  completion  of  the  cycle  leading  to  full  size  or  body 
sveight. 

It  should  be  noted  that  the  resmnption  of  growth  has  not  been 
IS  perfect  in  every  instance  as  in  the  typical  records  here  pre- 
sented. A  positive  result  in  these  cases  is  far  more  valuable  than 
i  failure,  because  the  latter  may  arise  from  a  variety  of  extraneous, 
IS  well  as  inherent,  causes  which  we  cannot  control  or  discover, 
'n  prolonged  stunting,  the  animals  may  sometimes  reach  a  pre- 
carious condition  in  which  their  vitality  may  become  impaired 
)eyond  the  possibility  of  recovery.  They  are  sensitive  to  nocuous 
nfluences  and  cannot  be  expected  to  show  great  resistance  under 
he  conditions  of  limited  diet.  Subsequent  statistics  may  show 
lamage  hitherto  unappreciated.  The  factor  of  safety  must  be 
;mall. 

SUMMARY  AND  CONCLUSIONS. 

The  growth  impulse,  or  capacity  to  grow,  can  be  retained  and 
jxercised  at  periods  far  beyond  the  age  at  which  growth  ordi- 
larily.  ceases.  In  the  case  of  our  experimental  animals,  albino 
•ats,  in  which  increment  of  body  weight  ordinarily  ceases  before 
;he  age  of  300  days,  resumption  and  completion  of  growth  were 
•eadily  obtained  at  an  age  of  more  than  550  days.  It  is  now 
•easonable  to  ask  whether  the  capacity  to  grow  can  ever  be  lost 
mless  it  is  exercised. 

Even  after  very  prolonged  periods  of  suppression  of  growth,  the 
•ats  can  subsequently  reach  the  full  size  characteristic  of  their 
jpecies.    In  this  respect  there  is  no  impairment  of  the  individual. 

The  satisfactory  resumption  of  growth  can  be  attained  not 
mly  after  stunting  by  imderfeeding,  but  also  after  the  cessation 
)f  growth  which  results  when  the  diet  contains  proteins  unsuitable 
or  the  synthetic  processes  of  growth  or  is  low  in  protein. 

Growth  in  the  cases  referred  to  is  resumed  at  a  rate  normal 
or  the  size  of  the  animal  at  the  time.  It  need  not  be  slow,  and 
requently  it  actually  exceeds  the  usual  progress. 

The  size  or  age  at  which  the  inhibition  of  growth  is  effected  does 
lot  alter  the  capacity  to  resume  growth.  Even  when  the  sup- 
)ression  of  growth  is  attempted  for  very  long  periods  at  a  very 
ttnall  size  (body  weight)  the  restoration  may  be  adequate  when 
i  suitable  diet  is  furnished. 
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The  procreative  functions  are  not  necessarily  lost  by  prolonged 
failure  to  grow  before  the  stage  of  development  at  which  breeding 
is  ordinarily  possible. 

The  period  of  growth  may  be  greatly  prolonged  by  inadequacies 
in  the  diet,  so  that  growth  becomes  very  slow  without  being  com- 
pletely inhibited.   Though  the  time  of  reaching  full  size  is  thus 
greatly  delayed,  growth,  as  expressed  by  suitable  body  weight 
can  ultimately  be  completed  even  during  the  course  of  long  con^ — 
tinned  retardation. 

The  methods  of  partially  retarding  or  completely  suppressing 
growth  are  too  varied  and  unlike  to  permit  final  answers  as  y^^^ 
regarding  the  outcome  of  all  of  the  procedures  of  inhibition  fc^^oj 
the  subsequent  welfare  of  the  individual.    Om  observations  a^ 
ply  to  the  effects  upon  size  and  a  few  other  incidental  featur^ — ^.^^ 
mentioned.    Although  it  is  doubtful  whether  the  fundaments 
features  will  be  altered,  far  reaching  dogmatic  statements 
scarcely  justifiable  until  the  experiments  have  been  extended  ^ 
include  other  factors  and  animal  species. 


 ^ 
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THE  DETERMINATION  OF  UREA  IN  XJRINE  BY  THE 
UREASE  METHOD. 


By  CYRUS  H.  FISKE. 
{From  the  Biochemical  Laboratory  of  the  Harvard  Medical  School,  Boeton.) 

(Received  for  publication,  October  18,  1915.) 

Marshall's^  urease  method,  in  the  modification  proposed  by 
Van  Slyke  and  CuUen,*  is  apparently  the  most  accurate  method 
available  for  the  determination  of  urea.  The  method  has,  how- 
ever, not  yet  attained  the  maximal  degree  of  accuracy  to  be  ex- 
pected from  volumetric  processes  in  general.  From  the  published 
figures  of  Van  Slyke  and  Cullen,  their  modification  appears  to 
yield  duplicates  agreeing  within  about  1  per  cent.  Provided  the 
removal  of  ammonia  from  the  digestion  mixture  is  assumed  to  be 
complete,  the  error  must,  in  all  probability,  depend  upon  one  of 
two  factors.  Either  (1)  the  enzymotic  reaction  is  not  absolutely 
quantitative,  or  (2)  traces  of  ammonia  escape  through  the  acid 
used  for  receiving  it.  As  the  result  of  an  investigation  of  this 
point,  the  writer  has  found  that,  of  these  two  possible  sources  of 
error,  only  the  latter  is  present  to  a  detectable  extent.  The  aim 
of  this  paper  is  to  present  a  further  modification  of  the  method 
which  eliminates  the  above  mentioned  disturbance. 

The  greater  degree  of  accuracy  attainable  by  the  modification 
to  be  described,  as  compared  with  those  previously  suggested, 
depends  mainly  upon  four  points. 

1.  By  increasing  the  volume  of  fluid  from  which  the  ammonia 
is  to  be  removed,  and  at  the  same  time  decreasing  the  concentra- 
tion of  potassium  carbonate,  it  is  possible  so  to  regulate  the  rate 
of  removal  of  the  ammonia  that  every  trace  of  it  is  held  by  the 
acid  in  the  receiver  (at  the  expense,  of  course,  of  a  certain  amount 
of  time).  When  this  part  of  the  process  is  conducted  as  described 
below,  it  is  possible  to  collect  7  mg.  of  ammonia  nitrogen  quanti- 

» Marshall,  E.  K.,  Jr.,  Jour,  Biol,  Chem.,  1913,  xiv,  283;  1913,  xv,  495. 
•  Van  Slyke,  D.  D.,  and  Cullen,  G.  E.,  ibid,,  1914,  xix,  211. 
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tatively  in  an  amount  of  jjV  HCI  which  is  hardly  more  than  suf- 
ficient to  neutralize  it. 

2.  The  aeration  tube,  after  once  being  closed,  is  not  again 
opened  before  the  completion  of  the  determination.  Any  chance 
of  loss  of  ammonia  is  thereby  eliminated. 

3.  The  back  titration  is  made  with  ttit  NaOH  instjead  of 
using  as  the  indicator  methyl  red,^  which  is  sensitive  to  0.05  cc. 

NaOH. 

4.  The  minimum  amount  of  urea  recommended  for  the  determi- 
nation is  the  equivalent  of  approximately  25  cc-f^xracid,  the  maxi- 
mum about  twice  that  amount.  The  error  due  to  the  titration 
itself  is  therefore  only  0.1  to  0.2  per  cent. 

As  the  result  of  the  above  changes  in  technique,  the  figures  ob- 
tained with  pure  urea  solutions,  by  this  method,  agree  with  those 
obtained  by  the  Kjeldahl  method  within  0.1  to  0.2  per  cent. 
Duplicates  on  urine  also  agree  within  0.1  to  0.2  per  cent. 

The  Enzyme  Solution. 

Any  satisfactory  urease  preparation  can,  of  course,  be  used, 
provided  it  is  standardized. ^  In  this  work  aqueous  soy  l^ean  ex- 
tracts, prepared  as  described  below,  have  been  employed. 

Extract  25  gm.  of  powdered  soy  beans  for  one  hour  with  250  cc.  of  dis- 
tilled water,  shaking  at  intervals.  Add  25  cc.  of  HCI,  and  let  stand  5 
minutes.  Filter  with  suction.  To  the  filtrate  add  5  cc.  of  a  solution  made 
by  dissolving  70  gm.  NatHP04.12H20  and  27  gm.  KHiPO^  in  100  cc.  of 
water.    Keep  in  a  cold  place. 

Blanks  must  be  run  on  the  extract  at  intervals  of  several  days. 
In  this  laboratory,  where  a  refrigerator  kept  at  —1°  or  --2^C.  is 
available,  extracts  keep,  without  preservative,  for  as  long  as  four 
weeks  with  but  little  loss  of  activity,  and  usually  with  no  marked 
increase  in  ammonia  content. 

Method. 

By  means  of  an  Ostwald  pipette*  transfer  to  a  large  test-tube 
(preferably  heavy  walled)  an  amount  of  urine  containing  from  3 

*  Methyl  red  was  used  for  the  micro-titration  of  ammonia  by  Pregl,  F., 
Abderhalden's  Handb.  d.  hiochem.  Arbeitsmethoden,  1912,  v,  1346. 

*  Folin,  O.,  and  Farmer,  C.  J.,  Jour.  Biol.  Chem.y  1912,  xi,  494. 
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to  6.5  mg.  of  urea  nitrogen.  Dilute  with  distilled  water  to  a  out 
3  cc.  Add  2  drops  of  kerosene  and  2  cc.  of  the  urease  extract. 
Insert  the  rubber  stopper  bearing  the  'aeration  apparatus,  and  let 
stand  for  15  minutes.  Now  add,  by  means  of  a  pipette,  the  tip 
of  which  can  be  inserted  into  the  air-inlet  tube,  5  cc.  of  a  carbon- 
ate-oxalate  solution.*  Aerate  slowly  for  5  minutes,  then  rapidly 
for  1  hour,  collecting  the  ammonia  in  25  cc.  HCl  contained  in 
a  narrow  necked  bottle  of  about  120  cc.  capacity.  Titrate  the 
excess  of  acid  with  yrir  NaOH,  using  2  or  3  drops  of  a  0.05  per 
cent  alcoholic  solution  of  methyl  red.  The  end-point  is  the  dis- 
appearance of  the  pink  color. 

TheinrHCl  and  ySir  NaOH  solutions  used  for  the  urea  determina- 
tions recorded  in  this  paper  were  carefully  standardized  against 

acid  and  alkali.  Of  the  -nf  solutions,  the  HCl  was  standardized 
by  the  AgCl  method,  the  NaOH  by  means  of  pure  oxalic  acid. 
The  two  TT  solutions  were  checked  against  each  other  with  excel- 
lent agreement,  and  were  used  in  the  Kjeldahl  determination  re- 
ported below.    Calibrated  glassware  was  used  throughout. 

Urea  Solution. 

A  solution  of  Kahlbaum's  urea  was  analyzed  by  the  Kjeldahl 
method,  and  found  to  contain  1.743  mg.  of  nitrogen  per  cc.  The 
following  results  were  obtained  with  this  solution  by  the  urease 
method  described  above. 


Urea  solution. 

HCl  neutralised. 

Urea  N. 

Urea  N  per  cc. 

cc. 

LC. 

ing. 

mg. 

2.0 

24.86 

3.483 

1.741 

24.86 

3.483 

1.741 

3.0 

37.31 

5.227 

1.742 

37.25 

5.219 

1.740 

4.0 

49.68 

6.960 

1.740 

49.71 

6.964 

1.741 

*  This  solution  is  prepared  as  follows:  Dissolve  500  gm.  K2CO1  in  500 
cc.  of  water,  with  the  aid  of  a  little  heat.  Add  10  cc.  of  a  30  per  cent  solu- 
tion of  potassium  oxalate.   Filter  if  necessary,  and  let  cool  before  using. 
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Urine. 


Below  are  given  the  result^  of  duplicate  determinations  obtained 
from  consecutive  samples  of  urine*  in  the  course  of  routine  work. 


Urine  No. 

Ureft  4-  Mnmonia 
nitrogfo  per  24  hr*. 

Urine  No. 

UrcA  +  ammonia 
nitrocen  per  24  hn. 

gm. 

gm. 

1 

1.364 

5 

1.150 

1.362 

1.149 

2 

1.325 

6 

1.151 

1.326 

1.149 

3 

1.360 

7 

1.079 

1.361 

1.081 

4 

2.460 

2.458 

For  many  piu-poses,  it  is  true,  the  additional  accuracy  obtain  ^ 
by  the  above  method,  at  the  cost  of  a  certain  amoimt  of  tii  m 
(but  not  of  attention),  is  imnecessary.  It  must  be  admitt^»^ 
however,  that  in  some  instances  the  greatest  possible  accuracy-^^ 
essential,  and  in  such  cases  the  comparatively  slight  extra  tiKi^ 
required  is  negligible. 


THE  PREPARATION  OF  PROTEIN-FREE  MILK. 


By  H.  H.  MITCHELL  and  R  A.  NELSON. 

om  the  Department  of  Animal  Husbandry,  University  of  Illinois, 

Urbana.) 

(Received  for  publication,  September  28, 1915,) 

n  nutrition  investigations  with  white  mice,  now  in  progress,  on 
substitution  of  protein  by  definite  mixtures  of  isolated  amino- 
ds,  it  was  necessary  to  use  rations  containing  only  materials 
3  from  protein  or  protein  derivatives,  or  containing  these 
rogenous  substances  to  a  negligible  degree.  The  carbohydrates 
1  fats  of  the  rations  were  easily  amenable  to  this  requirement, 
ce  starch,  dextrin,  lactose,  sucrose,  lard,  and  purified  butter 
could  be  obtained  or  prepared  either  nitrogen-free  or  with  a 
limal  nitrogen  content. 

Aore  difficulty  was  experienced  with  the  mineral  constituents 
ential  for  successful  maintenance  experiments  of  indefinite 
gth.  None  of  the  synthetic  salt  mixtures  used  by  Osborne 
1  MendeP  in  their  extensive  experiments  with  albino  rats  has 
sn  very  successful,  apparently,  in  completely  covering  the 
leral  requirements  of  these  animals  for  long  periods  of  time.' 
hmann*  obtained  remarkably  successful  results  with  mice  with 
artificial  salt  mixture,  but  the  same  mixture  in  experiments  on 
s  performed  by  Osborne  and  Mendel  and  in  experiments  on 
3e  undertaken  by  Wheeler,*  has  not  given  encouraging  results, 
e  discrepancy  may  rest  in  the  fact  that  Rohmann  did  not  use 
efuUy  purified  food  substances,  and,  in  particular,  was  content 
use  commercial  protein  preparations. 

VlcCoUum  and  Davis  have  obtained  very  successful  results 
;h  rats  using  rations  containing  an  artificial  salt  mixture,  the 

Osborne,  T.  B.,  and  Mendel,  L.  B.,  Carnegie  Institution  of  Washington, 
ilication  No.  166,  pt.  i,  1911.  ; 
Rohmann,  F.,  Biochem.  Ztschr.,  1914,  Ixiv,  30. 
Wheeler,  R.,  Jour.  Expcr.  ZooL,  1913,  xv,  209. 
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composition  of  which  has  recently*  been  published.    Our  experi- 
ences with  this  salt  mixture  in  experiments  on  mice  have  not  been 
particularly  encouraging.    Rations  containing  all  their  mineral 
constituents  in  this  artificial  preparation  have  invariably'  pro- 
duced i^nmistakable  symptoms 'of  malnutrition  in  the  experi- 
mental animals,  generally  after  2  or  3  weeks'  time,  though  occa- 
sionally these  symptoms  have  been  deferred  for  a  month,  or  even 
2  months.    The  cause  of  the  discrepancy  between  the  results  of 
McCollum  and  Davis  and  of  this  laboratory  is  still  the  subject 
of  investigation.    It  is  possible  that  it  rests  simply  on  the  fact  , 
that  different  species  of  animals  have  been  used.    Another  pos- 
sible explanation  is  that  the  discrepancy  is  due  to  the  use  by  Mc-  j 
Collum  and  Davis  of  wood  shavings  in  their  experimental  cages  1 
and  of  paper  excelsior  by  ourselves.    It  is  possible  that  in  the  ' 
former  case  the  wood  shavings  may  have  furnished  some  indis- 
pensable mineral  constituents  absent  from  the  artificial  salt  mi-s.- 
ture  which  constituted  a  part  of  the  rations.^   This  possibility^ 
at  present  receiving  attention. 

In  view  of  the  lack  of  artificial  salt  mixtures  of  clearly  est  - 
lished  nutritive  adequacy  and  of  our  own  unsatisfactory  resL_-«il|^ 
with  perhaps  the  most  promising  salt  mixture  hitherto  used_-^B 
experimental  work  with  small  animals,  our  attention  was  nati::^*"^- 
ally  directed  to  the  so  called  ''protein -free  milk"  used  with  si^^ch 
success  by  Osborne  and  Mendel  in  covering  the  mineral  requ — 
ments  of  rats  for  both  maintenance  and  growth.   The  superior-'-*(r- 
of  this  "natural  protein-free  milk"  over  "artificial  protein-f  Tee 
milk"  preparations,  containing  lactose  and  salts  in  proportic?/zj? 

*  McCollum,  E.  v.,  and  Davis,  M.,  Jour.  Biol.  Chem.,  1914,  xix,  250.  J 
^  We  cannot  agree  with  the  statement  of  McCollum  and  Davis  that  they  I 
"do  not  look  upon  the  consumption  of  a  small  amount  of  wood  fiber  as  ob-  | 
jectionable  to  any  greater  degree  in  this  type  of  experiment  than  is  the  feed-  ! 
ing  of  agar-agar."  Also,  the  availability  and  nutritive  value  of  the 
nitrogenous  and  mineral  substances  of  the  wood  cannot  be  as  lightly 
disregarded,  we  believe,  as  they  have  been  by  these  investigators. 

The  yellow  pine  shavings  used  in  this  laboratory  in  the  comparative 
experiments  with  the  McCollum  and  Davis  salt  mixture  were  found  to 
contain  1.5  per  cent  of  ash.  The  paper  excelsior  used  in  all  of  our  work  on 
the  feeding  of  mice  analyzed  0.80  per  cent  ash  and  0.05  to  0.06  per  cent 
nitrogen. 
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patterned  as  closely  as  possible  after  the  chemical  composition  of 
the  former  preparation,  has  been  shown  by  many  experiments.' 

Our  experience  with  the  Osborne  and  Mendel  protein-free 
milk**  has  been  attended  with  marked  success.  For  the  main- 
tenance of  mice  this  preparation  apparently  satisfactorily  covers 
all  the  mineral  requirements,  our  work  thus  confirming  that  of 
Wheeler.  The  experiments  of  this  character  thus  far  undertaken 
in  this  laboratory  have  been  almost  entirely  concerned  with  the 
nutritive  requirements  for  maintenance.  What  little  work  we 
have  done  with  growth  requirements  has  indicated,  also  in  agree- 
ment with  the  work  of  Wheeler,  that  with  mice  such  requirements 
are  different  than  with  rats,  though  this  difference  is  probably 
only  of  a  quantitative  nature. 

From  the  nature  of  the  investigations  at  present  under  way 
in  this  laboratory,  some  objection  is  involved  in  the  use  of  "pro- 
tein-free milk"  as  prepared  by  Osborne  and  Mendel,  due  to  the 
fact  that  it  is  not  entirely  protein-free.  The  nitrogen  content  of 
this  preparation  averages  about  0.7  per  cent  of  the  dry  substance, 
of  which  about  one-half  is  protein  nitrogen.^ 

In  our  first  attempt  to  reduce  or  eliminate  the  protein  nitrogen  in  pro- 
tein-free milk''  only  a  slight  modification  was  made  in  the  method  of  prep- 
aration. The  original  method  involves  precipitation  of  the  casein  with 
a  slight  excess  of  hydrochloric  acid,  filtration,  heating  the  filtrate  to  boil- 
ing for  one-half  minute,  filtering  off  the  precipitated  lactalbumin,  neutraliz- 
ing the  clear  filtrate,  and  evaporating  to  dryness  at  a  temperature  not 
exceeding  70°C.  Upon  neutralization  of  the  filtrate  obtained  after  sepa- 
ration of  the  lactalbumin,  a  precipitate  is  always  obtained,  probably  con- 
sisting largely  of  calcium  phosphate .  In  the  hope  that  perhaps  this  precipi- 
tate would  also  contain  residues  of  casein  and  possibly  lactalbumin  that 
had  thus  far  escaped  precipitation,  it  was  filtered  off,  and  the  filtrate  was 
evaporated  to  dryness  as  usual.  In  this  way  we  have  obtained  prepara- 
tions containing  on  an  average  about  0.10  per  cent  less  nitrogen  than  the 
original  Osborne  and  Mendel  preparations.  Presumably  this  reduction  is 
largely,  if  not  entirely,  in  the  protein  nitrogen.  Thus,  in  one  trial  the 
casein  and  lactalbumin  were  precipitated  from  a  sample  of  milk^  and  the 

•  Osborne  and  Mendel,  Jour,  Biol.  Chem.,  1913,  xv,  311. 

7  Osborne  and  Mendel,  Ztschr.  f.  physiol.  Chem.j  1912,  Ixxx,  316. 

*  It  may  be  explained  in  this  connection  that  all  of  our  protein-free 
milk"  preparations  were  made  from  dried  centrifugalized  milk.  This  was 
dissolved  in  about  twelve  times  its  weight  of  distilled  water  in  preparing 

protein-free  milk"  cither  by  the  Osborne  and  Mendel  procedure  or  by 
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filtrate  was  divided  into  two  portions.  One  was  neutralized  with  sodiL__^«Lm 
hydroxide  and  immediately  evaporated  to  dryness.  The  other  was  — ^  cu 
tralized  and  filtered,  and  the  clear  filtrate  evaporated  to  dryness.  "FZ^KThe 
first  product  contained  0.753  per  cent  nitrogen;  the  second  0.653  per  cei-  ^^nt. 
In  another  similar  trial,  the  unfiltered  product  contained  0.614  perc»  ^eot 
nitrogen,  and  the  filtered  product  0.494  per  cent.  The  amount  of  nitro^^^  g^j^ 
removed  is  really  greater  than  these  figures  indicate,  since  the  precipit^.  ^c^ate 
filtered  off  according  to  the  modified  procedure  contains  considerable  in«r:::jior- 
ganic  material. 

We  have  tested  the  nutritive  value  of  the  filtered  "  protein-^^:free 
milk"  preparations  and  have  found  that  rations  containing  28 
per  cent  of  the  filtered  product  are  apparently  as  effective  •  (for 
periods  of  5  or  6  months,  at  least)  in  covering  the  nutritive  re- 
quirements of  white  mice  for  simple  maintenance  as  the  ratr  -ions 
containing  the  same  amount  of  the  unfiltered  product.    This  nu- 
tritive equivalence  of  the  two  preparations  is  interesting  in  ^iJ^^ew 
of  the  fact  that  the  ash  content  of  the  unfiltered  product  has 
been  reduced  by  the  filtration  introduced  in  the  preparatioi     n  of 
the  filtered  product,  probably  largely  at  the  expense  of  the  caL 
cium  phosphate.® 

We  have  not  tested  the  value  of  the  filtered  "protein-free  nm^t* 
in  covering  the  requirements  for  the  normal  growth  of  nrx/ce, 
to  any  great  extent.    The  following  experiment,  however,  is 
suggestive. 

Two  young  male  mice  weighing  15.9  and  11.5  gm.  were  placed  upon  a 
ration  containing  18  per  cent  casein,  26  per  cent  starch,  24  per  cent  lactose, 
28  per  cent  lard,  and  4  per  cent  of  McCollum's  salt  mixture.'"  The  weights 
of  the  mice  slowly  increased  to  maxima  of  17.7  and  18.8  gm.,  respectively, 
in  the  course  of  about  50  days.    From  this  time  the  weights  gradually  de- 


the  modified  procedure  explained  above.  The  product  used  is  put  on  the 
market  by  the  Merrill-Soule  Co.  of  Syracuse,  New  York.  The  milk  pow- 
der used  in  this  work,  taken  from  a  50  pound  can,  analyzed  6.03  per  cent 
nitrogen,  6.21  per  cent  ash,  and  2  per  cent  moisture.  It  is  to  be  noted  that 
the  ash  content  is  low,  the  normal  figure  being  about  8.21  per  cent.  This 
undoubtedly  accounts  for  the  low  ash  values  of  our  preparations. 

•  An  analysis  of  one  preparation  of  "protein-free  milk"  according  to 
the  Osborne  and  Mendel  procedure  gave  8.36  per  cent  ash.  A  filtered 
preparation  gave  5.49  per  cent  ash. 

This  is  the  equivalent  of  3.7  per  cent  of  the  mixture  containing  anhy- 
drous MgSO^.  In  our  rations  we  used  MgS04.7H20  in  quantities  contain- 
ing the  same  relative  amount  of  magnesium  as  prescribed  by  McCollum, 
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clined,  and  other  symptoms  of  malnutrition  appeared;  i.e.,  roughened  coats 
and  decreased  food  intake.  On  the  83rd  day  of  the  experiment  the  mice 
weighed,  respectively,  14.2  and  18.2  gm.,  and  appeared  to  be  in  a  miserable 
condition,  the  former  much  more  so  than  the  latter.  At  this  time  they 
were  put  upon  a  ration  containing  18  per  cent  casein,  28  per  cent  of  the 
filtered  ''protein-free  milk,"  28  per  cent  lard,  and  26  per  cent  starch.  In 
the  course  of  8  days  the  mice  had  increased  in  weight  to  24.0  and  20.5  gm., 
respectively,  and  appeared  to  be  in  perfect  condition. 

Another  method  of  reducing  the  nitrogen  content  of protein- 
free  milk"  was  suggested  by  the  work  of  Greenwald"  on  the  re- 
moval of  the  proteins  of  blood  for  the  estimation  of  non-protein 
nitrogen.    The  reagent  used  was  trichloroacetic  acid. 

According  to  the  method  proposed  by  Greenwald,  the  dilution 
of  blood  with  nine  volumes  of  2.5  per  cent  trichloroacetic  acid 
completely  precipitated  the  proteins.  This  procedure  would  be 
entirely  impracticable  for  the  preparation  of  any  considerable 
quantites  of  protein-free  milk,  on  account  of  the  excessive  amount 
of  added  water  that  must  be  removed  subsequently  by  evaporation. 
We  therefore  decided  to  test  out  a  reagent  containing  50  per  cent 
of  trichloroacetic  acid,  the  first  object  of  the  test  being  to  deter- 
mine the  amount  of  this  reagent  required  for  the  complete  re- 
moval of  the  proteins  of  milk.  The  second  object  was  to  ascer- 
tain the  length  of  time  that  the  filtrate  must  be  boiled  for  the  com- 
plete removal  of  the  excess  precipitant.  This  removal  is  effected, 
apparently,  not  so  much  by  simple  volatilization  (trichloroacetic 
acid  boils  at  a  temperature  of  195®C.),  as  by  decomposition  into 
carbon  dioxide  and  chloroform,  which  are  easily  expelled  from  a 
boiling  solution.  We  previously  discovered  that  upon  boiling 
the  clear  filtrates  resulting  from  the  removal  of  the  precipitated 
proteins,  a  precipitate  ultimately  resulted.  In  this  test,  there- 
fore, this  precipitate  was  filtered  off  in  order  to  determine  its  ash 
content  and,  indirectly,  its  nitrogen  content. 

Fifteen  portions  of  10  gm.  each  of  the  centrifugalized  milk  powder  were 
each  dissolved  in  150  cc.  of  distilled  water.  They  were  divided  into  five 
sets  of  three  portions  each.  To  each  portion  of  the  first  set,  2  cc.  of  a  50 
per  cent  solution  of  trichloroacetic  acid  were  added,  to  the  second  6  cc.  of 
this  solution,  to  the  third  12  cc,  to  the  fourth  20  cc,  and  to  the  fifth  50  cc. 
(Vfter  standing  for  i  hour  each  portion  was  filtered  and  the  precipitate 


Greenwald,  I.,  Jour,  Biol.  Chem,,  1915,  xxi,  61. 


464         Preparation  of  Protein-Free  Milk 


washed  thoroughly  with  distilled  water.  Filtration  was  rapid,  and  ^^5^^ 
a  water-clear  filtrate.  In  each  of  the  five  sets,  one  portion  was  boiled  i 
5  minutes,  one  portion  for  30  minutes,  and  the  third  portion  for  1  hczzDi 
Any  coagulum  formed  during  the  boiling  was  then  filtered  off,  weighed  v^^^ 
the  filter  paper,  and  ashed.  The  filtrates  resulting  were  made  up  to 
CO.  100  cc.  samples  were  then  taken  for  the  determination  of  total 
substance  and  ash,  and  for  Kjeldahl  nitrogen  determinations.  The  » 
suits  of  this  complete  test  are  given  in  the  following  table. 


:»1 

hot  boil- 

Coagulum  obtained 
on  boiling. 

Filtrate  from  coagulum  separated  on  boili  .Mt  J 
Made  up  to  500  cc.  and  100  oc.  por- 
tions taken  for  analysis.* 

il 
il 

< 

is 

Appio  imate 
dry  weight. 

Ash. 

Dry 
weight. 

Ash. 

Nitrogen. 

K. 

2 

u 
<i 

min. 

5 
30 
60 

gm. 

0.219 
0.318 
Lost 

gm. 

0.0610 
0.2753 

gm. 

1.27 
1.00 

gm. 

0.1322 
0.0683 

mg, 

8.65 
6.97 

0  mzn 
0  mzDL 

6 

n 
u 

5 
30 
60 

odd 

0.0040 
0.1769 
0.2363 

1.42** 

1.21 

1.17 

0.1280 
0.0735 
0.0847 

9.19 
6.33 
6.21 

of:»o 

12 

u 
it 

5 

30 
60 

Practically 
none 
0.106 
Lost 

0  000 
0.0062 

1.55** 
1.30 

0.1057 
0.1227 

6.57 
6.08 

20 
« 

n 

5 

30 
60 

Practically 
none 
0.024 
0.076 

d  d  d 

1.79** 

1.30 
1.30 

0.1281 
0.1365 
0.1344 

6.90 
6.35 
5.77 

0^  49 

0  '44 

50 
it 

5 
30 
60 

0.093 
0.103 

0.0034 
0.0036 
0.0037 

1.95''* 
2.05** 

0.1475 
0.1500 

6.52 
5.71 
5.54 

*  The  data  apply  to  the  100  or.  portions,  and  are  equivalent  to  2  gm.  of 
milk  powder. 

**  All  the  trichloroacetic  wa.s  not  removed  during  boiling. 


The  results  in  the  third  coliimii  on  the  dry  weight  of  the  coagu- 
lum obtained  on  boiling  unfortunately  are  only  approximate^, 
since  the  coagulum  was  filtered  and  weighed  on  filter  papers  that 
were  not  tared.  The  weights  given  w^re  obtained  after  subtract- 
ing the  average  w(Mght  of  four  filter  pa])ers  of  similar  size  and 
make.  The  greatest  variation  in  weight  among  these  four  filter 
papers  was  0.0(3  gm. 
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The  results  in  the  fifth  column  on  the  solids  in  one-fifth  of  the 
filtrate  from  the  coagulum  separated  on  boiling  (representing  2 
gm.  of  milk  powder)  are  complicated  by  the  fact  that  with  some 
of  the  tests  all  the  trichloroacetic  acid  was  not  removed  during 
the  boiling  and  subsequent  evaporation  on  the  water  bath.  These 
cases  are  indicated  in  the  table  by  double  asterisks. 

The  following  conclusions  seem  justified  from  a  study  of  these 
data: 

1.  When  2  cc.  of  the  50  per  cent  trichloroacetic  acid  solution 
were  used  per  10  gm.  of  milk  powder,  the  excess  of  precipitant 
was  removed  by  boiling  for  less  than  5  minutes.  Longer  boiling 
caused  a  precipitation  of  amounts  of  mineral  matter  to  some  ex- 
tent proportional  to  the  period  of  boiling.  When  6  cc.  of  reagent 
were  used,  the  excess  was  not  entirely  removed  by  boiling  for  5 
minutes.  BoiUng  for  30  to  60  minutes  occasioned  a  precipitation 
of  increasing  amounts  of  mineral  matter.  When  larger  quanti- 
ties of  reagent  were  used  no  appreciable  amount  of  mineral  mat- 
ter separated  out  even  after  60  minutes'  boiling.  With  the  por- 
tions treated  with  12  and  20  cc.  of  reagent,  the  excess  of  trichloro- 
acetic acid  was  apparently  completely  removed  by  boiling  for 
30  minutes.  With  the  portions  treated  with  50  cc.  of  reagent, 
even  60  minutes'  boiling  was  not  sufficient  to  remove  completely 
the  excess  of  acid. 

2.  The  coagulum  which  separated  on  boiling  contained  organic 
as  well  as  inorganic  matter.  For  those  portions  treated  with  12 
CO.  or  more  of  the  reagent,  the  coagulum  was  inconsiderable,  con- 
taining a  fairly  constant  amount  of  ash. 

3.  With  all  five  series  of  tests,  the  longer  the  boiling  the  smaller 
was  the  quantity  of  nitrogen  contained  in  the  final  filtrate. 

4.  In  general  the  greater  the  quantity  of  reagent  added  the 
smaller  was  the  amount  of  nitrogen  in  the  final  filtrate.  This  de- 
crease in  nitrogen,  however,  is  insignificant  for  quantities  of 
reagent  greater  than  12  cc. 

In  view  of  the  difficulty  of  completely  removing  the  larger  quan- 
tities of  trichloroacetic  acid  in  a  reasonably  short  time,  and  also 
of  the  greater  expense  involved  in  the  use  of  such  quantities,  it 
was  decided  that  the  best  procedure  was  the  use  of  12  cc.  of  50 
per  cent  trichloroacetic  acid,  per  10  gm.  of  milk  powder,  the  fil- 
trate being  boiled  for  30  minutes  to  1  hour  and  filtered  again. 
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Two  separate  preparations  made  according  to  this  method  con- 
tained 0.401  per  cent  nitrogen  (boiled  20  minutes),  and  0.420  per 
cent  nitrogen  (boiled  1  hour).  The  difference  between  these  two 
results  probably  has  no  significance.  The  percentages  of  ash  in 
the  above  two  products  were,  respectively,  7.5  and  5.0  per  cent. 
It  is  evident  that  boiling  for  one  hoiu*  before  filtration  removes 
considerable  mineral  material  without  certainly  removing  more 
nitrogen.  We  would,  therefore,  recommend  boiling  for  30  min- 
utes, filtering,  and  again  boiling  for  30  minutes  for  the  complete 
removal  of  the  excess  trichloroacetic  acid.  The  product  thus 
obtained  is  similar  in  appearance  and  taste  to  preparations  made 
according  to  the  original  Osborne  and  Mendel  method. 

A  series  of  protein  tests  were  run  on  the  product  containing  0.420  per 
cent  nitrogen  with  the  following  results:  Picric  acid  gave  no  precipitate; 
a  large  excess  of  trichloroacetic  acid  gave  no  precipitate;  phosphotungstie 
acid  gave  a  rather  heavy  precipitate  on  standing;  tannic  acid  gave  only  a 
very  slight  precipitate,  hardly  more  than  a  murkiness;  potassium  ferrocya- 
nide  and  acetic  acid  gave  no  precipitate;  with  the  biuret,  Hopkins-Cole, 
and  Millon  reagents,  no  distinctive  colorations  were  produced.  These 
tests,  therefore,  failed  to  indicate  with  any  degree  of  certainty  the  pres- 
ence of  protein  material. 

In  the  feeding  experiments  with  trichloroacetic  acid  prepara- 
tions of  protein-free  milk  that  have  thus  far  been  run,  the  prod- 
uct seems  to  be  as  efficient,  for  maintenance  at  least,  as  the 
original  Osborne  and  Mendel  preparations,  though  admittedly 
the  tests  are  not  of  sufficient  length  to  establish  this  point  finally. 

Two  adult  mice  have  been  kept  for  46  days  on  rations  containing  our 
protein-free  milk  and  two  others  for  52  days,  with  maintenance  of  body 
weight  and  normal  health  and  appetite.  One  mouse  that  had  been  kept 
for  22  days  on  a  ration  containing  the  McCollum  salt  mixture  (with  iodine 
given  in  the  drinking  water  once  a  week),  during  which  time  it  decreased 
in  weight  from  19.3  to  lo.O  gm.,  recovered  its  original  weight  and  normal 
appearance  and  behavior  when  changed  to  a  ration  similar  to  the  first, 
with  the  exception  that  our  protein-free  milk  was  substituted  for  lactose 
and  the  McCollum  salt  mixture. 

In  view  of  the  data  given  above  on  the  low  nitrogen  content 
of  protein-free  milk  prepared  with  the  use  of  trichloroacetic  acid 
as  a  protein  precipitant,  on  the  negative  character  of  the  protein 
tests  made  upon  such  preparations,  and  on  its  nutritive  value  in 
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covering  the  mineral  requirements  of  mice  for  maintenance,  we 
believe  that  the  product  should  commend  itself  as  a  favorable 
I  substitute  for  the  Osborne  and  Mendel  product  in  experiments 
on  rats  and  mice  involving  rations  whose  protein  content  must 
necessarily  be  under  strict  control.  As  admitted  above,  we  are 
not  yet  in  a  position  to  conclude  finally  that  our  product  will  be 
^^dequate  for  experiments  of  indefinite  duration,  or  that  it  can 
certainly  be  used  to  advantage  in  growth  experiments. 

Whether  or  not  the  nitrogen  contained  in  protein-free  milk 
prepared  by  the  trichloroacetic  acid  method  includes  protein 
cleavage  products,  we  hope  to  determine  in  the  near  future.  The 
A-nown  presence  of  nitrogenous  extractives,  such  as  urea,  creati- 
^izie,  and  purines,  in  milk  in  quantities — indirectly  estimated,  it 
true — such  that  the  extractive  nitrogen  would  equal  from  0.3 
0.5  per  cent  of  protein -free  milk,  establishes  some  probability 
^^^t.  little  or  none  of  the  nitrogen  in  our  product  is  of  nutritive 
Valvie  as  a  substitute  for  protein  nitrogen.^^ 

*  *  The  following  calculation  is  of  interest  in  view  of  Munk's  conclusion 
*^^^^t.ed  by  Osborne  and  Mendel,  that  ^  of  the  total  nitrogen  in  milk  is 
^^'^^'^ctive  in  nature.   190  gm.  of  milk  powder  treated  according  to  our 
t^^'tVkod  gave  63.26.gm.  of  protein-free  milk.   The  nitrogen  content  of  the 
powder  was  6.C3  per  cent,  and  of  the  protein-free  milk  0.40  per 
o^'^X't .    Thus,  the  nitrogen  in  our  protein-free  milk  may  be  shown  to  be 
^^^ivalent  to  about  2*3;  of  the  total  nitrogen  of  milk. 

a  direct  analysis  of  milk  powder  made  in  this  laboratory  by  Mr.  C. 
Newlin  it  was  found  that  about  }r  of  the  nitrogen  in  this  product  is  not 
Precipitated  by  Stutzer's  reagent. 


THE  TIME  REQUIRED  FOR  REDUCTION  OF  OXYHEMO- 
GLOBIN  IN  VIVO. 


By  D.  FRASER  HARRIS  and  H.  J.  M.  CREIGHTON. 

{From  the  Laboratories  of  Physiology  of  Dalhouaie  University,  Halifax,  and 
the  Laboratories  of  Chemistry  of  Swarthmore  College,  Swarthmore.) 

.  (Received  for  publication,  November  3, 1915.) 

If  the  spectroscope  is  directed  to  the  red  glare  between  adja- 
cient  fingers  placed  before  a  bright  light,  the  two  bands  of  oxy- 
liemoglobin  can  with  difficulty  be  detected.    If  now  the  wrist  be 
t:-ightly  bandaged,  the  two  bands  can  be  seen  fading  away  and 
being  replaced  by  the  single  band  of  reduced  hemoglobin.  We 
jDarticularly  wished  to  know  the  time  needed  for  the  living  tissues 
to  effect  this  reduction  of  the  blood  pigment  in  vivo.    We  find 
that  the  time  varies  from  18  to  26  seconds,  18  seconds  being  the 
average  of  six  consecutive  observations  in  one  series,  and  26  the 
average  of  another  similar  series.    We  wished  to  be  able  to  com- 
;i3are  the  time  necessary  to  effect  this  reduction  in  vivo  with  that 
x-equired  by  the  reductase  of  fresh  tissue  press  juice  to  reduce 
"blood  in  vitro  at  40®C.    The  shortest  time  cat  liver  juice  needed 
^as  2.5  minutes,  which  was  also  the  time  needed  by  triturated 
cortex  cerebri  of  the  cat.    Pigeon  muscle  juice  reduced  oxyhemo- 
globin in  2  minutes,  while  pigeon  liver  juice  and  fish  liver  juice 
reduced  it  instantly.    Vierordt  in  1876  found  that  40  seconds  was 
the  shortest  time  for  the  reduction  of  blood  in  the  human  finger; 
Henocque  gave  the  time  as  55  to  65  seconds. 

The  white  ear  of  an  albino  rabbit  also  yields  the  two-banded 
spectrum;  on  compressing  the  base  of  the  ear,  the  one-banded 
spectrum  gradually  appears.  The  average  time  necessary  for 
this  is  of  the  order  of  40  seconds,  as  in  the  following  series  of  ob- 
servations: 37,  44,  ?7,  and  42  seconds.  One  of  us^  in  1897  found 
that  the  blood  in  the  rabbit's  ear  was  reduced  after  about  30 
seconds'  compression. 


'  Harris,  D.  F.,  Proc.  Roy,  Soc.  Edin,,  1897-98,  xxii,  195. 
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The  spectrum  of  the  two-banded  pigment  returns  within  3 
seconds  after  removing  the  constriction  to  the  finger,  ear,  etc. 
This,  of  course,  is  not  due  to  any  phenomenon  of  reoxidation  of 
the  capillary  blood,  but  is  merely  the  mechanical  result  of  the 
fresh  arterial  blood  flooding  the  capillary  district. 


THE  NON-DESTRUCTIBILITY  OF  URIC  ACID  IN  THE 
HUMAN  ORGANISM. 


PRELIMINARY  COMMUNICATION. 

By  morris  S.  FINE. 

{From  the  Laboratory  of  Pathological  Chemistry ^  New  York  Post-Graduaie 
Medical  School  and  Hospital.) 

(Received  for  publication,  October  31,  1915.) 

Schittenhelm  and  Wiener^  examined  human  tissues  for  uric  acid  in  three 
cases.  Either  no  Uric  acid  or  only  very  small  amounts  could  be  demon- 
strated, from  which  they  deduce  further  support  for  their  long  maintained 
contention  that  the  human  organism  can  decompose  uric  acid.  The  ob- 
servations of  Wiechowski*  and  others  that  in  man  80  to  90  per  cent  of  the 
parenterally  introduced  uric  acid  reappears  in  the  urine,  they  attribute  in 
part  to  the  existence  of  a  concomitant  disturbance  of  nuclear  metabolism 
resulting  in  an  increased  formation  of  uric  acid,  and  in  part  to  the  proba- 
bility that  a  portion  of  the  uric  acid  so  introduced  is  carried  directly  to 
the  kidneys  and  never  passes  through  the  liver — an  important  organ  for 
the  metabolism  of  uric  acid.  They  admit  that  himian  organs  in  vitro  do 
not  decompose  uric  acid,  but  ascribe  this  fact  to  the  possible  peculiarity 
of  the  enzyme  involved  (readily  inactivated  or  destroyed) .  They  argue 
that  if  uric  acid  is  not  destroyed  in  the  human  organism,  the  tissues  should 
contain  high  concentrations  of  this  compound,  particularly  in  those  in- 
stances where  there  is  retarded  elimination.  Their  results  may  bear  re- 
view in  some  detail. 

Case  I, — ^Male,  62  years  of  age.  Anuria  for  6  days  due  to  thrombosis  of 
both  renal  veins  following  operation.  Tissues  obtained  6  hours  post  mor- 
tem. Secured  for  analysis:  lung,  1,385  gm.;  heart,  250  gm.;  spleen,  250 
gm.;  liver,  1,785  gm.  In  each  case  200  gm.  samples  were  examined  for  uric 
acid,  with  entirely  negative  results.  The  remainder  of  the  organs  were 
worked  up  together  from  which  was  isolated  but  0.01  gm.  of  uric  acid. 

Case  II. — Girl,  16  years  of  age.  Pernicious  anemia.  No  uric  acid  could 
be  demonstrated. 

Case  III. — Suffered  with  typical  attacks  of  gout  for  25  years,  had  many 
tophi  in  the  ears.  The  whole  organ  was  used  for  analysis  in  each  case  with 
the  following  results:  liver  (1,550  gm.),  no  uric  arid;  spleen  (290  gm.),  10 


*  Schittenhelm,  A.,  and  Wiener,  K.,  Ztschr.f.  d.  ges.  exper.  Med.y  1914, 
iii,  397. 
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mg.  uric  acid  (3.5  mg.  per  100  gm.);  kidney  (270  gm.),  no  uric  acid; lung 
(930  gm.),  15  mg.  uric  acid  (1.6  mg.  per  100  gm.) ;  muscle  (440  gm.),  no  uric 
acid;  and  intestine  (420  gm.),  no  uric  acid. 

The  failure  of  Schittenhelm  and  Wiener  to  demonstrate  uric 
acid  in  the  cases  of  anuria  and  of  gout  is  surprising.  Their  re- 
sults may  in  part  be  ascribed  to  the  use  of  hot  sodium  hydroxide 
previous  to  the  precipitation  of  the  proteins  in  the  extraction  of 
the  tissues,  as  the  instability  of  uric  acid  in  alkaline  solutions  is 
a  well  known  property.-  The  data  recorded  in  the  following 
tables  present  marked  contrasts  to  those  of  Schittenhelm  and 
Wiener  reviewed  above. 

TABLE  I. 


Concentration  of  Uric  Acid  in  Human  Tissues  and  Fluids  per  100  Gm»  of 

Material. 


C'ase. 

» 

T.  D. 
Uremia. 

S.  H. 
Uremia. 

.1 

S« 

C.M.t 
Diabetes. 

i 

H7.f 
Pneumo- 
nia. 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

mf. 

Blood  

15.4 

14.3 

17.0 

0.7 

0.7 

0.7 

Pleural  fluid  

16.7 

15.9 

Ascitic  fluid  

18.0 

Pericardial  fluid  

14.3 

18.0 

Subcutaneous  fluid  

18.0 

Spinal  fluid  

2.8 

2.0 

4.7 

Skeletal  muscle  

8.0 

3.9 

5.8 

0.7 

2.6 

2.0 

Heart  muscle  

10.0 

7.3 

8.8 

1.2 

Liver  

18.0 

15.6 

11.5 

5.0 

4.0 

Spleen  

12.6 

14.3 

9.1 

1.2 

Trace 

Skin  

13.0 

*  The  data  on  this  case  have  already  been  reported  in  another  connec- 
tion (Myers,  V.  C,  and  Fine,  M.  S.,  Jour.  Biol.  Chem.,  1915.  xx,  396). 

t  This  case  died  on  Jan.  30,  1914.  The  ground  samples  of  heart  muscle, 
spleen,  and  liver  were  preserved  in  alcohol  and  refrigerated  till  Apr.  2, 
1915,  when  the  examinations  were  made. 

§  This  case  died  on  Feb.  3, 1914.  The  tissues  were  preserved  in  alcohol 
and  refrigerated  till  Apr.  5,  1915,  when  the  examinations  were  made. 

In  the  present  study  the  method  for  determining  uric  acid  in 
the  tissues  was  essentially  that  employed  for  the  blood,*  with 

"  Compare  Mitchell,  P.  H.,  Jour.  Biol.  Chem.j  1907,  iii,  145;  and  more 
recently  Folin,  ().,  and  Denis,  W.,  ibid.,  1912-13,  xiii,  469. 

'  Fine,  M.  S.,  and  Chacc,  A.  F.,  Jour.  Biol.  Chem.,  1915,  xxi,  37? 
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TABLE  II. 

<  \n\ceniration  of  Uric  Acid  in  Miscellaneous  Human  Tissues  per  100  Gm.  0/ 

Material, 


Tinue. 

•    I'lic  acid. 

mg 

Pectoral  muscle  

2.5 

Uterine  "   

2.0 

«  « 

2.5 

it  u 

1.2 

Mixed  tonsils  

1.7 

Thyroid  

0 

•'flight  modifications  which  will  he  described  in  a  later  communica- 
tion. 

The  data  recorded  in  Table  I  were  obtained  from  material  se- 
<^iired  at  autopsy.  The  fluids  were  in  all  cases  analyzed  fresh. 
The  tissues  from  E.  E.  were  obtained  about  4  hours  post  mortem 
I^te  in  the  afternoon,  and  placed  in  the  refrigerator  until  the 
r^ext  morning.  In  the  case  of  T.  D.  the  tissues  were  worked  up 
>^ithin  4  hours  after  death;  and  in  that  of  S.  H.  the  tissue  samples 
x^ere  suspended  in  hot  water  within  3  hours  after  death. 

As  noted  in  the  footnotes  to  Table  I,  some  of  the  tissues  in  the 
ceases  C.  M.  and  H.  7  were  preserved  for  14  months  in  strong 
-s^lcohol  at  0**C.  before  being  analyzed.  The  objection  may  be 
i:*aised  that  even  this  preservation  is  not  adequate  to  inhibit  au- 
tolysis completely.*  It  may  be  pointed  out,  however,  that  when 
Xiver  samples  of  S.  H.  were  allowed  to  autolyze  with  toluene  for 
X.45  days  at  37°C.  there  was  no  noteworthy  change  in  the  uric  acid 
concentration. 

The  data  in  Table  II  were  all  obtained  at  operation,  the  tissues 
X:>eing  analyzed  within  4  hours  after  removal  from  the  body. 

Comment  with  regard  to  the  relative  distribution  of  uric  acid 
i  n  body  fluids  and  tissues  will  be  withheld  for  the  present.  It  is 
desired  at  this  time  merely  to  point  out  that,  contrary  to  the 
Endings  of  Schittenhelm  and  Wiener,  uric  acid  can  he  demonstrated 
iTti  considerable  concentrations  in  human  tisf^ues;  and  that  the  con- 
"tention,  to  which  Schittenhelm  and  his  coworkers  have,  for  a 
1  ong  time,  persistently  adhered,  finds  no  support  in  tissue  analysis. 

*  Compare  Wells,  H.  G.,  and  Caldwell,  G.  T  ,  Jour.  BioL  Chem.,  1914. 
>cix,  57. 
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A  HYDROGEN  ELECTRODE  VESSEL.* 


By  Wm.  MANSFIELD  CLARK. 

(From  the  Research  Laboratories  of  the  Dairy  Division ^  Bureau  of  Animal 
Industry  f  United  Stales  Department  of  Agriculture  f  Washington,) 

(Received  for  publication,  October  15,  1915.) 
INTRODUCTION. 

With  the  extension  of  the  use  of  the  hydrogen  electrode,  espe- 
cially in  biochemistry,  have  come  numerous  modifications  of  the 
classic  type  of  electrode  vessel.  The  form  here  described  was 
developed  to  meet  some  special  requirements  in  a  study  of  the 
hydrogen  ion  concentrations  of  bacterial  cultures,  and,  although 
it  embodies  few  radical  improvements,  its  convenience  and  suc- 
cess are  offered  as  sufficient  apology  for  adding  its  description  to 
the  many  now  found  in  the  literature. 

The  classic  method  of  operating,  in  which  hydrogen  is  bubbled 
through  the  solution  in  which  a  platinized  electrode  is  wholly  or 
partially  immersed,  proved  useless  in  the  studies  referred  to. 
With  some  culture  media,  even  when  electrode  and  solution  were 
previously  and  separately  saturated  with  hydrogen  as  recom- 
mended by  Desha  and  Acree,^  constant  potentials  were  not  ob- 
served until  the  lapse  of  several  hours,  during  which  period  great 
changes  may  occur  in  active  cultures.  A  rapid  as  well  as  accu- 
rate method  was  therefore  demanded. 

A  quick  attainment  of  constant  potential,  even  in  blood,  has 
been  shown  by  Michaelis  and  Rona^  to  be  obtained  if  the  plati- 
nized electrode,  previously  saturated  with  hydrogen,  is  allowed 
merely  to  touch  the  surface  of  the  solution.  This  is  probably 
due,  as  suggested  by  Hasselbalch,*  and  again  by  KonikofT,*  to  a 

'  Published  by  permission  of  the  Secretary  of  Agriculture. 

*  Desha,  L.  J.,  and  Acree,  S.  F.,  Am.  Chem.  Jour.,  1911,  xlvi,  638. 

•  Michaelis,  L.,  and  Ilona,  P.,  Biochem.  Ztschr.,  1909,  xviii,  317. 
<  Hasselbalch,  K.  A.,  Biochem.  Ztschr.,  1913,  xlix,  451. 

»  Konikoflf,  A.  P.,  Biochem.  Ztschr.,  1913,  li,  200. 
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rather  sharply  localized  equilibrium  at  the  point  of  contact.  Re- 
ductions and  gas  interchanges  having  taken  place  within  the  small 
volume  at  the  point  of  contact,  diffusion  from  the  remaining  body 
of  the  solution  is  hindered  by  the  density  of  the  surface  layer 
with  which  the  electrode  only  comes  in  contact. 

In  exploring  new  fluids  it  app)eared  to  the  writer  precarious  to 
rely  upon  such  a  device,  which  appears  to  take  advantage  of 
only  a  localized  and  hence  a  pseudo-equiUbrium,  and  which  makes 
no  allowance  for  a  possible  difference  between  the  solution  and 
surface  film  in  the  activity  of  the  hydrogen  ions.  Hasselbalch^s 
principle  seemed  therefore  to  be  more  suitable. 

Hasselbalch*  found  that  a  very  rapid  attainment  of  a  constant 
potential  can  be  obtained  by  shaking  the  electrode  vessel.  Un- 
der these  conditions  there  should  be  not  only  a  more  rapid  inter- 
change of  gas  between  the  solution,  the  gaseous  hydrogen,  and 
the  electrode,  an  interchange  whose  rapidity  Dolezalek^  and 
Bose^  consider  necessary,  but  the  combined  or  molecular  oxygen, 
or  its  equivalent,  in  the  whole  solution  should  be  more  rapidly' 
brought  into  contact  with  the  electrode  and  there  reduced.  Fur- 
thermore, by  periodically  exposing  the  electrode  the  hydrogen  is 
required  to  penetrate  only  a  thin  film  of  liquid  before  it  is  absorbed 
by  the  platinum  black.  The  electrode  should  therefore  act  more 
rapidly  as  a  hydrogen  carrier.  For  these  reasons  a  true  equi- 
libriiun  embracing  the  whole  solution  should  be  rapidly  obtained 
witli  the  shaking  electrode;  and  indeed  a  constant  potential  is 
soon  reached. 

In  Hasselbalch^s  design  there  appeared  to  the  writer  to  be  cer- 
tain objectionable  features.  Aside  from  the  rather  clumsy  dome, 
which  Pauli^  and  also  Manabe  and  Matula  have  replaced  with  a 
stopper,  Hassclbalch's  design  and  the  various  modifications  whick 
have  since  appeared  maintain  the  long  axis  vertical.  This,  if 
complete  rotation  is  not  resorted  to,  requires  a  very  wide  angl^= 
of  rotation  to  gain  a  maximum  exposure  of  liquid  surface.  Mor«^ 

^  Hasselbalch,  Biochem.  Zischr.y  1911,  xxx,  317;  1913,  xlix,  451;  Compfc  « 
rend.  trav.  de  Lab.  Carlsberg,  1911,  x,  69. 

•  Dolezalek,  F.,  Ztschr.  f.  Elecirochem.,  1898-99,  v,  533. 

*  Bose,  E.,  Ztschr.f.  phi/sikal.  Chcm.,  1900,  xxxiv,  701. 

'  Pauli,  W.,  cited  by  Manabe,  K.,  and  Matula,  J.,  Biochem.  Ztschr  — ' 
1913,  lii,  3G9. 


W.  M.  Clark 


477 


objectionable  is  the  persistence  in  most  of  the  published  electrode 
vessels  of  dead  spaces,  especially  in  the  tubes  adjacent  to  the  body 
of  the  vessels.  Acree  and  Myers^°  state  that  constant  potentials 
cannot  be  obtained  so  long  as  the  portion  of  the  solution  used  to 
connect  with  the  KCl  is  left  unsaturated  with  hydrogen. 

It  is  unnecessary  to  speculate  upon  the  quantitative  signifi- 
cance of  these  and  other  errors  in  design,  since  they  are  easily 
eliminated  as  the  following  design  will  show. 

The  Vessel  and  Its  Operation. 

By  setting  up  the  chain  in  an  air  bath  there  are  avoided  many 
of  the  complicating  details  of  design  necessary  in  an  oil  bath. 
Theoretically  an  air  bath  is  to  be  preferred  if  it  can  be  kept  at  a 
fair  degree  of  constant  temperature,  since  air,  because  of  its  low 
specific  heat,  exchanges  heat  slowly  with  the  objects  it  bathes. 
The  purpose  of  a  constant  temperature  bath  is  to  keep  not  itself, 
\)ut  the  apparatus  it  contains,  at  constant  temperature.    An  air 
l)ath  may  be  permitted  to  fluctuate  in  temperature  more  widely 
than  an  oil  or  water  bath  with  the  certainty  that,  if  the  fluctua- 
tions are  regular  and  periodic  as  well  as  moderate,  the  appara- 
tus will  lag  and  remain  very  constant.    The  air  bath  used  is 
well  insulated  with  two  inches  of  cork  besides  its  well  constructed 
frame  and  compo-board  lining.   Active  as  well  as  smooth  circula- 
tion of  the  air  is  accomplished  by  fanning  with  a  Firocco  fan  from 
one  end  of  a  central  box  containing  the  apparatus,  and  by  using 
the  space  between  this  box  and  the  bath  walls  as  flues  for  the  re- 
turn of  the  air  to  the  other  end.    An  ordinary  fan  is  worthless 
in  an  air  bath  if  smooth  circulation  is  demanded.    The  heating 
unit  is  a  length  of  bare  nichrome  No.  30  wire  which  retains  very 
little  heat  when  the  current  is  stopped.    The  regulator  is  a  grid 
containing  about  60  cc.  of  pure  mercury  with  the  regulator  head 
described  in  a  previous  paper.^^    When  the  regulator  was  first 
used  periods  were  observed  in  which  the  temperature  remained 
cionstant  for  periods  of  8  hours  within  =»=  0.002**  (tapped  Beck- 
mann  thermometer  reading).    This  was  a  suspicious  constancy. 
It  soon  settled  down  to  about  =»=  0.05,  but  the  variations  from 
moment  to  moment  were  found  by  an  eight  pair  copper-cons  tan - 

»o  Myers,  C.  N.,  and  Acroc,  S.  F.,  Am.  Chcm.  Jour.,  1913, 1,  396. 
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tine  therm o  element  to  consist  of  very  regular  fluctuations  of  only 
=fc  0.003,  about  a  very  slowly  drifting  mean.  The  present  regu- 
lator has  been  in  continuous  use  for  a  year  and  a  half  without 
attention. 

In  the  manipulation  of  the  vessel  the  purpose  is  first  to  bring 
every  portion  of  the  solution  into  intimate  contact  with  elec- 
trode and  hydrogen  atmosphere,  and  then  to  draw  the  solution 
into  a  wide  tube  in  forming  the  hquid  contact. 


Fkj.  1.   Sectional  view  of  the  vessel  and  its  accessory  parts. 


The  electrode  vessel  is  first  flooded  with  hydrogen,  of  which 
there  should  be  an  abundant  flow.    Then,  with  the  vessel  rockeil 
back  until  cock  A  is  at  its  lowest  point,  the  solution  to  be  tested 
is  run  in  from  the  small  container  B.    It  displaces  hydrogen 
which  wastes  through  C  at  D.    Cock  C  is  closed  when  the  vessel 
is  about  I  full  of  solution,  and  A  is  then  turned  as  shown  in  the 
figure  to  allow  a  constant  atmospheric  pressure  of  hydrogen  to-i™ 
bear  upon  the  solution.    The  vessel  is  now  rocked  so  that  the— i 
electrode  is  alternately  exposed  to  hydrogen  and  immersed  in  the  : 
solution. 

»i  Clark,  W.  M.,  Jour.  Am.  Chem.  Soc,  1913,  xxxv.  1889. 
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The  rocking  of  the  vessel  is  accomplished  by  supporting  it  upon 
a  bar  which  is  pivoted  behind  the  flexible  tube  E  and  which  rests 
in  a  groove  of  the  eccentric  wheel  F.  By  changing  the  position 
of  this  wheel  relative  to  the  pivot  of  the  bar  the  vessel  can  be 
g^iven  excursions  of  various  ranges.  The  range  should  be  wide 
enough  to  immerse  and  expose  the  electrode  completely,  and  the 
speed  of  rocking  should  be  such  that  the  Uquid  actively  but 
smoothly  surges  from  end  to  end. 

After  the  vessel  has  been  rocked  a  sufficient  length  of  time  the 
solution  must  be  brought  into  contact  with  the  potassium  chloride 
solution  which  completes  the  chain  between  the  electrode  and  the 
calomel  cell  (?.  Before  making  this  contact  fresh  KCl  solution 
is  allowed  to  flow  from  the  reservoir  H  and  waste  at  D.  The 
flow  is  stopped  by  closing  cock  /.  The  flexible  rubber  tube  E  is 
then  pinched;  and,  after  turning  C  to  connect  with  the  vessel, 
the  pinch  is  released.  This  brings  the  liquid  contact  below  the 
constriction  of  the  cock  and  makes  it  occur  in  a  wide  tube  in  ac- 
cord with  the  recommendation  of  Gumming  and  Gilchrist.^* 

In  the  diagram  the  vessel  and  cocks  are  shown  in  the  positions 
they  occupy  during  a  potential  measurement.  It  will  be  noticed 
that  the  only  cock  in  the  chain  which  is  closed  is  /.  It  is  n  ces- 
sary  to  keep  one  cock  closed  to  prevent  the  various  solutions  from 
l)eing  displaced  from  their  proper  positions.  Cock  I  is  chosen 
liecause  it  occurs  in  the  best  conducting  liquid  and  does  not  sepa- 
rate dissimilar  solutions.  It  should  be  left  ungreased  in  the  cen- 
ter; but,  to  prevent  the  creeping  of  KCl,  and  to  insure  ease  in 
turning,  the  key  is  touched  with  vaselin  at  its  widest  part  and  the 
socket  at  its  narrowest  part.  Then  when  the  key  is  replaced  it 
will  ride  in  two  rings  of  grease  and  with  the  central  portion  un- 
contaminated  and  filled  with  a  good  conducting  film  of  potas- 
s?ium  chloride  solution. 

In  the  specifications  of  this  vessel  it  was  demanded  that  the 
Klass  blower  seal  the  cocks  A  and  C  to  the  body  of  the  vessel  as 
c^losely  as  possible  and  without  constrictions  at  the  junctures. 
When  the  stopper  holding  the  electrode  is  forced  down  further 
"than  shown  in  Figure  1,  the  interior  is  left  with  practically  no  dead 
fs^paces  for  liquid  or  gas.    By  the  use  of  the  cocks  the  liquid  within 


"  Gumming,  A.  C,  and  Gilchrist,  E.,  Tr,  Faraday  Soc,  1913,  ix.  174. 
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the  vessel  is  sharply  separated  from  that  without  and  no  inter-  I 
change  can  occur.  ^ 

With  the  long  axis  horizontal  the  vessel  needs  only  to  be  rocked  ■ 
slightly  instead  of  rotated  through  a  wide  angle  in  order  to  expose  U 
a  maximum  solution  surface  and  alternately  expose  and  inmierse  m 
the  electrode.  The  gentleness  of  the  required  rocking  not  only  1  , 
prevents  but  tends  to  destroy  the  froth  which  is  so  easily  produced  ^ 
in  protein  solutions.  ^ 

With  two  such  vessels  mounted  in  parallel  and  connected  ^ 
through  a  three-way  cock  at  /  with  the  rest  of  the  chain,  determi- 
nations may  be  made  with  one  while  the  other  is  being  prepared 
for  the  next  determination.    This  mounting  also  permits  the 
measurement  of  one  hydrogen  electrode  against  another. 

A  word  might  be  said  here  in  regard  to  the  operation  of  cock  ^ 
C.  A  study  of  the  various  positions  of  the  key  will  show  that  -cJ 
if  the  portion  of  the  bore  which  corresponds  to  the  stem  of  a  T  Ifci 
is  not  filled  before  the  liquid  contact  is  formed  it  will  remain  un-  —  j 
filled  and  may  give  up  a  bubble  of  hydrogen  which  will  be  difficult  J 
to  displace.  This  may  be  avoided  by  the  following  procedure:  z 
In  filling  the  vessel  the  key  of  cock  C  is  kept  in  the  position  J«.  _  _ 
Before  liquid  contact  is  to  be  made  I  is  opened  and  C  is  turned  E  i^d 
clockwise  rapidly.  With  a  little  practice  all  the  bores  of  the  key—^^z}' 
are  filled  in  this  way  without  allowing  any  KCl  to  flow  into  thef^^  e 
vessel.  Mr.  G.  E.  Cullen  has  suggested  a  three-way  cock  at  C^-T^TT' 
with  outlets  set  at  120''.  This  permits  the  use  of  a  two-way  key---^' 
with  obvious  advantage. 

With  the  exception  of  a  few  cases  such  as  measurements  oflt  -•f 
acetate-acetic  acid  mixtures  there  has  been  no  occasion  to  object  tcmrzy^  ^ 
the  use  of  a  rubber  stopper  to  hold  the  electrode.    A  glass  stoppei — ^ 
has  not  been  used,  partly  because  it  would  limit  the  choice  oHt 
electrodes,  partly  to  avoid  the  use  of  grease/*  and  partly  because^^*^' 
of  the  difficulty  of  grinding  a  stopper  so  that  no  capillary  space  -^^'^ 
will  be  loft  between  its  end  and  its  socket  to  trap  liquid.  Thc-"'^ 

rapidity  with  which  measurements  are  taken  reduces  the  influ  ^" 

ence  of  solution  of  the  stopper  or  indeed  of  the  glass.  If  the  rub-^ —  ^" 
ber  must  be  protected  a  light  coat  of  low  melting  point  paraffin.  ^  ^• 
warmed  when  the  stopper  is  forced  into  place,  will  do. 

"  Tlie  surplus  grease  in  each  of  the  cocks  was  removed  by  a  vigorouss=*" 
stream  of  solvent  followed  by  alcohol  and  abundant  water. 
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An  adequate  discussion  of  the  accuracies  attained  with  this 
vessel  would  involve  a  lengthy  argument  upon  the  values  and 
reproducibilities  of  the  various  sources  of  potential  in  the  whole 
chain.    In  the  work  so  far  reported"  there  has  been  no  occasion 
to  enter  into  this  argument,  since,  by  every  criterion  applied  by 
others,  the  potentials  were  judged  to  be  accurate  within  a  milli- 
volt, and  no  deduction  based  upon  smaller  differences  has  been 
presented.    In  this  discussion  we  shall  neglect  corrections  for 
barometric  pressure,  possible  deviations  of  calomel  electrodes,  and 
estimates  of  the  values  of  contact  potentials.    Only  the  observed 
potentials  will  be  given  to  show  the  precision  attained  at  the  hy- 
drogen electrode.    The  periods  of  measurement  were  too  short 
and  the  hydrostatic  pressure  in  the  hydrogen  generator  too  closely 
watched  for  variations  in  hydrogen  pressure  to  affect  the  argu- 
ment.   Only  one  calomel  cell  was  used  in  any  one  experiment 
a.nd  its  deviation  from  other  assumed  standards  was  too  small 
to  consider.    Potential  measurements  were  made  with  a  Leeds 
a.nd  Northrup  type  K  potentiometer  and  the  galvanometer  cus- 
tomarily supplied  with  this  potentiometer.  The  potentiometer  was 
oarefully  calibrated  by  the  Bureau  of  Standards.    Two  Bureau 
of  Standards  Weston  cells  furnished  the  known  potential.  The 
working  standard  was  frequently  compared  with  these,  and  the 
liattery  current  was  adjusted  against  this  working  standard  at 
^ach  potential  measurement.    The  measured  and  measuring  sys- 
tems were  electrically  shielded  against  stray  currents. 

It  is  to  be  noted  in  the  first  place  that  if  liquid  contact  is  made 
€it  once  so  that  the  potential  of  the  chain  may  be  measured  while 
equilibrium  is  being  attained  within  the  vessel,  the  potential  of 
the  chain  rises  rapidl3^  This  may  \yc  seen  in  Table  I.  That 
tihis  rise  is  due  to  processes  at  the  electrode  is  evident  from  the 
^act  that  the  maximum  potential  is  almost  immediately  observed 
if  the  vessel  is  shaken  for  a  short  period  before  liquid  contact  is 
formed  (Table  II).  In  passing  it  may  be  said  that  the  1  per  cent 
peptone  solution  used  in  these  experiments  has  such  a  small  buffer 
effect  that  the  maximum  observed  variation  in  potential  corre- 
sponds to  that  which  would  be  produced  by  the  addition  of  0.0002 
CO.  normal  acid  or  alkali  to  10  cc. 

"  Clark,  W.  M.,  Jour.  Med.  Research^  1915,  xxxi,  431 ;  Jour.  Infect.  Dis,, 
1915,  xvii,  109.  Clark,  W.  M.,  and  Lubs,  H.  A.,  Jour.  Infect.  Dis.,  1915, 
xvii,  160.   Clark,  Jour.  Biol.  Chem.,  1915,  xxii,  87. 
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In  Table  I  a  slight  decline  in  potential  is  seen  to  have  occurred 
after  the  maximum  had  been  obtained.  In  this  case  the  drift  is 
thought  to  be  located  at  the  liquid  contact  and  to  be  hastened 
by  the  disturbance  due  to  shaking  the  vessel.  In  other  cases  the 
drift  of  the  total  potential  of  the  chain  has  been  toward  a  higher 
value.  In  every  case  .this  drift  has  been  so  slow,  unless  the  liq- 
uid contact  has  been  purposely  and  vigorously  disturbed,  its 
direction  has  varied  so  with  different  solutions,  and  its  magnitude 
has  Ixjen  so  small,  that  a  clear  tracing  of  its  origin  is  difficult. 
It  is  believed  to  be  located  chiefly  at  the  liquid  contact.  There- 
fore, in  common  w^ith  Lewis  and  Rupert it  is  believed  that  better 
potentials  arc  obtained  directly  after  the  formation  of  liquid  con- 
tact. 

Some  experimenters  continue  observations  over  a  long  period 
and  choose  those  potentials  which  remain  constant  during  an  ar- 
bitrarily selected  central  period.  If  under  these  circumstances 
there  are  drifts  at  electrode  and  liquid  contact  of  opposite  sign, 
the  selection  of  a  central  period  of  constancy  may  be  merely  the 
selection  of  a  period  in  which  the  opposite  drifts  have  become  ap- 
proximately equal. 

Since  it  is  possible  to  reach  equilibrium  very  rapidly  at  the 
electrode  by  the  shaking  method,  and  since  drift  at  the  liquid 
junction  has  been  frequently  reported  by  others  and  in  some  cases 
definitely  traced  while  using  the  apparatus  here  described,  it 
seems  more  reasonable  to  depend  upon  measurements  continued 
for  only  a  short  time  after  the  preliminary'  shaking,  and  to  rely 
upon  the  reproducibility  of  several  such  measurements  rather 
than  upon  the  record  of  a  single  long  experiment. 

In  the  accompanying  tables  are  given  a  few  examples  of  meas- 
urements made  with  this  vessel.  Particularly  interesting  are 
the  measurements  of  a  culture  medium  containing  10  per  cent 
gelatin.  This  was  a  stiff  gel  at  lower  temperatures,  but  at  30.0** 
it  was  sufficiently  fluid  to  use  in  the  electrode  vessel.  With  no 
frothing  of  the  solution  satisfactory  potentials  were  obtained 
within  a  remarkably  short  time.  Equally  satisfactory  results 
were  obtained  with  high  fat  milks. 

So  far  there  hiis  been  no  occasion  to  investigate  solutions  of 

"  Lewis,  G.  X.,  and  Riiport,  F.  F.,  Jour.  Am.  Chem.  Soc.j  1911,  xxxiii, 
299. 
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low  hydrogen  ion  concentration  containing  CO2.  For  such  solu- 
tions the  vessel  should  do  quite  as  well  as  Hasselbalch's,  since  its 
principles  are  the  same. 

In  conclusion  it  must  be  admitted  that  no  comparisons  other 
than  the  one  alluded  to  in  the  introduction  have  been  made  be- 
tween the  vessel  here  described  and  other  designs.  Therefore  no 
proof  of  superiority  can  be  advanced  for  the  new  design.  Occa- 
sionally in  the  course  of  several  thousand  potential  measurements 
the  results  have  not  been  as  satisfactory  as  those  reported  in  the 
tables.  Occasionally  results  have  shown  better  agreement. 
Those  reported  are  fairly  representative  of  the  kind  of  results 
which  careful  manipulation  will  bring;  and,  when  the  time  within 
which  they  were  obtained  is  taken  into  consideration,  it  may  be 
said  that  they  are  satisfactory  for  all  ordinary  purposes.  Before 
closer  agreement  can  have  any  significance  a  great  deal  of  more 
fundamental  work  will  have  to  be  done  upon  several  problems 
such  as  that  of  liquid  contact  potential. 


Showing  rise  in  total  potential  during  shaking. 

Chain:  Hg  HgCl  |  Saturated  KCl  |  1  per  cent  peptone  solution  |  Pt  Hj 
Liquid  contact  formed  from  the  first.   Shaking  continued  between 
measurements. 


TABLE  I. 


Vessel. 


Time. 


Potential. 


mm. 


A 


0 
1 
2 
4 
5 
9 
11 
13 
17 


0.6490 
0.6680 
0.6729 
0.6740 
0.6740 
0.6737 
0.6736 
0.6737 
0.6735 


0 

1.5 
4 
6 
8 
10 


0.6325 
0.6653 
0.6735 
0.6737 
0.6736 
0.6734 


TABLE  11. 


Potential  measurements  of  a  1  per  cent  peptone  solution.  Prelimina  j 
shaking  5  minutes.  Vessel  not  shaken  after  the  formation  of  liquid  co-k 
tact. 

Chain:  Hg  HgCl  |  Saturated  KCl  |  1  per  cent  peptone  solution  |  Pt  T{, 


Vessel. 

Time. 

Potential. 

min. 

A  

1 

0.6736 

2 

0.6738 

4 

0.6738 

5 

0.6738 

B  

1 

0.6742 

2 

0.6742 

4 

0.6742 

5 

0.6742 

A  

1 

0.6737 

2 

0.6739 

4 

0.6739 

5 

0.6739 

B  

1 

0.6736 

2 

0.6738 

4 

0.6737 

5 

0.6738 

Average  

0.6739 

.TABLE  in. 

Potentials  of  the  chain: 

Hg  HgCl  I  Saturated  KCl  |  Borate-boric  acid  mixture  |  Pt  H. 
No  shaking  between  measurements. 


Vessel. 

Preliminary  shaking. 

Time  of  measurement. 

Potential. 

min. 

min. 

A  

5 

1 

0.80039 

5 

0.80040 

12 

0.80040 

H  

t 

1 

(0.80025) 

5 

(0.80025) 

A  

10 

1 

0.80030 

20 

0.80033 



10 

1 

0.80034 

15 

0.80034 

.VvcniRC  1 

0.80036 
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TABLE  IV. 

Potentials  of  the  chain: 

Hg  HgCl  I  Saturated  KCl  |  Phosphate  mixture  |  Pt  Ha 
No  shaking  between  measurements. 


Vessel. 

Prelimin  sy  shaking. 

Time  of  meaaxirement. 

Potential. 

mm. 

mm. 

vclU 

A  

11 

1 

0.64235 

7 

0.64240 

11 

0.64238 

B  

9 

1 

0  64239 

3 

0.64245 

12 

0.64240 

A  

9 

1 

0.64249 

13 

0.64245 

B  

13 

1 

0  64249 

9 

0.64250 

0.64243 

TABLE  V 

Potentials  of  the  chain: 
Hg  HgCl  I      KCl  I  Saturated  KCl  |  Gelatin  culture  medium  |  Pt  H, 
Preliminary  shaking  10  minutes.   No  shaking  between  measurements. 


Vessel. 


Time. 


Potential. 


voUa 

0.7420 
0.7417 
0.7417 


0  7411 
0.7419 
0.7419 


TABLE  VI. 

Potentials  of  the  chain: 

Hg  HgCl  I  -^t  KCl  I  Saturated  KCl  |  Milk  |  Pt  H, 
Preliminary  shaking  5  minutes.    No  shaking  between  measurements. 


VoeaeL 

Time. 

Potcnti^L 

A  

mm. 

5 

vclU 
0.7304 
0.7304 

10 

B  

5 

0.7303 
0.7303 

10 
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TABLE  VII. 

Potentials  of  the  chain: 

Hg  HgCl  I  w  KCl  I  Saturated  KCl  |  Meat  infusion  medium  |  Pt  H, 
Preliminary  shaking  5  minutes.   No  shaking  between  measurements. 


A. 


Potential. 


volU 
0.7014 
0.7014 


0.7013 
0  7014 
0.7014 
0.7014 
0.7013 


TABLE  VIII 

Potentials  of  the  chain: 
Hg  IlgCl  I  TV  KCl  I  Saturated  KCl    5  day  culture  of  B.coli  in  f  Pt  H, 

1  per  cent  peptone 
1  per  cent  dextrose 
Preliminary  shaking  5  minutes.    No  shaking  between  measurements. 


Orgaiibm. 

Time. 

Potential. 

min. 

t  lu 

hw  

5 

0.5970 

10 

0.5970 

15 

0.5970 

hx  

5 

0.5960 

10 

0.5960 

hv  

5 

0.5937 

10 

0.5958 

15 

0.5958 

h7  

5 

0.5947 

10 

0.5956 

15 

0.5956 

20 

0.5956 

ft?  

5 

0.5942 

10 

0.5960 

15 

0.5962 

20 

0.5962 
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THE  REFRACTIVE  INDICES  OF  SOLUTIONS  OF  CERTAIN 

PROTEINS. 
IX.  EDESTIN. 

By  carl  L.  a.  SCHMIDT. 

{From  the  Rvdolph  SpreckeU  Physiological  Laboratory  of  the  University  of 
California,  Berkeley.) 

(Received  for  publication,  October  27,  1915.) 

It  has  been  shown  by  Robertson^  that  if  proteins  are  dissolved 
in  alkaline  or  acid  aqueous  solutions  the  change  in  the  refractive 
index  of  the  solvent  is  directly  proportional  to  the  concentration 
of  the  dissolved  protein.  This  relation  can  be  expressed  by  the 
equation 

n  —  Til  =  a  X  c 

where  n  is  the  observed  refractive  index  of  the  protein  s()lution, 
ni  that  of  the  solvent  in  which  the  protein  is  dissolved,  c  the  per- 
centage of  the  protein  in  solution,  and  a  a  constant,  expressing 
the  change  in  the  refractive  index  of  the  solvent  by  the  addition 
of  1  gm.  of  protein  per  100  cc.  The  increase  in  the  refractive 
index  is  independent  of  temperature  between  the  limits  studied; 
viz.,  20°  and  40°C.  The  constant  a  has  thus  far  been  determined 
for  casein,^  ovomucoid  and  ovovitellin,'  paranuclein,*  serum  glob- 
ulin,* casein  in  alcohol-water  mixtures,*  gliadin,'  ox  serum,*  sal- 
mine,*  globin,^®  and  a  compoimd  protein,  globin  caseinate.^^ 

^  Robertson,  T.  B.,  Jour.  Phya.  Chem,,  1909,  xiii,  469;  Die  physikalische 
Chemie  der  Proteine,  Dresden,  1912,  317. 

•  Robertson,  Jour.  Phys.  Chem.,  1909,  xiii,  473. 

»  Robertson,  Jour.  Biol.  Chem.,  1909-10,  vii,  359. 

♦Robertson,  ibid.,  1910-11,  viii,  287. 

•Robertson,  ibid.,  1910-11,  viii,  441. 

•Robertson,  ibid.,  1910-11,  viii,  507. 

'  Robertson,  T.  B.,  and  Greaves,  J.  E.,  ibid.,  1911,  ix,  181. 

•  Robertson,  ibid.,  1912,  xi,  179. 

•  Robertson,  ibid.,  1912,  xi,  307. 
"Robertson,  ibid.,  1912-13,  xiii,  455. 
"  Robertson,  ibid.,  1912-13,  xiii,  499. 
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Use  of  the  refraetometer  has  also  been  made  to  determine  pro- 
teins quantitatively,"  such  determinations  depending  upon  the  - 
previous  knowledge  of  the  value  of  a  for  the  particular  protein  ^ 
to  be  estimated. 

While  preparing  a  considerable  amount  of  edestin  for  other  pur-  — 
poses  than  herein  given,  it  was  considered  of  interest  to  determine 
its  refractive  index  in  various  solvents.  Edestin  is  of  particular  -m: 
interest  inasmuch  as  it  can  be  prepared  in  a  very  pure  state,  and  Mz 
also  on  account  of  the  large  amount  of  work  done  with  this  pro-  — « 
tein  by  various  workers. 

Edestin  was  prepared  according  to  the  method  given  by  Os-     — ;= 
borne^'  and  used  by  Chittenden  and  Mendel,^*  Leipziger,^*  and  J^^^ 
others.    Edestin  prepared  in  this  manner  consists,  as  shown  by 
Osborne,^*  of  a  mixture  of  edestin  mono-  and  dichloride  and  is 

acid  towards  phenol phthalein.    A  very  small  amount  failed  to  dis  ^ 

solve  in  10  per  cent  sodium  chloride  solution,  an  observation  also  ^j^^c 

made  by  Weyl,^'  Chittenden  and  Mendel,^*  and  Starke,*^  and  ex  

plained  by  Osborne-®  as  resulting  from  the  hydrolytic  action  oQh^i^f 
the  hydrogen  ions  of  water  whereby  edestan  is  formed.    In  the:^^«-ie 
acid  and  alkaline  solutions  used,  the  preparation  was  completely^  Mly 
soluble.    On  ignition,  a  negligible  quantity  of  ash  remained. 

Since  the  change  in  the  refractive  index  of  a  solvent,  on  adding  mrig 
any  given  amount  of  solute,  depends  on  the  size  of  the  molecules— 


^-  Rciss,  E.,  Arch.  f.  ex  per.  Path.  n.  Pharm.,  1904,  li,  18;  Beiir.  z.  chetnm, 
Phys.  u.  Path.,  1904,  iv,  150.    Robertson,  Jour.  Ind.  and  Engin.  Chem 
1909,  i,  723;  Jour.  Phys.  Chem.,  1910.  xiv,  377;  Jour.  Biol.  Chem.,  1912,  xr 
179;  1912,  xii,  23;  1912-13,  xiii,  325;  1913,  xiv,  237.  Woolsey,  J.  K.,  xbid 
1913,  xiv,  433.   Wells,  C.  E.,  ibid.,  1913,  xv,  37.   Buck,  L.  W.,  Jour,  Pharv, 
and  Exper.  Therap.,  1913-14,  v,  553.    Thompson,  W.  B.,  Jour.  Biol.  Chem    jk-'i  . 
1915,  XX,  1.    Briggs,  R.  S.,  ibid.,  1915,  xx,  7.   Robertson,  ibid.,  1915,  xxi   ^  ii. 
233.    Tranter,  C.  L.,  and  Rowc,  A.  H.,  Jour.  Am.  Med.  Assn.,  19ir3- 
Ixv,  1433. 

"  Osborne,  T.  B.,  Am.  Chem.  Jour.,  1892,  xiv,  671.  _ 
Chittenden,  R.  H.,  and  Mendel,  L.  B.,  Jo^ir.  Physiol.,  1894-95,  xvi 

48. 

Leipziger,  R.,  Arch.f.  d.  ges.  Physiol.,  1899,  Ixxviii,  402. 
^®  Osborne,  Jour.  Am.  Chem.  Soc,  1902,  xxiv,  39. 

Weyl,  T.,  Ztschr.f.  physiol.  Chem.,  1877-78,  i,  72. 

Chittenden  and  Mendel,  Jour.  Physiol.,  1894-95,  xvii.  48. 
''^  Starke,  J.,  Ztschr.  f.  Biol.,  1900,  xl,  419. 

Osborne,  Jour.  Am.  Chem.  Soc,  1902,  xxiv,  28. 
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of  the  solute,  and  since  in  the  case  of  edestin  the  molecule  is  large 
(molecular  weight  given  by  Osborne^^  as  14,500)  only  a  slight  er- 
ror, probably  less  than  the  experimental,  is  made  by  using  a  mix- 
ture of  the  chlorides  of  edestin  instead  of  the  free  base.  How- 
ever, in  preparing  a  solution  of  edestin  in  any  given  concentra- 
tion of  acid  or  alkali,  a  correction  for  the  acid  combined  with 
the  base  was  made,  this  being  readily  determined  by  titrating 
with  alkali,  using  phenolphthalein  as  an  indicator. 

2  per  cent  solutions  of  edestin  in  various  concentrations  of  acids 
and  alkalies  were  made,  filtered  to  insure  perfectly  clear  solutions, 
and  dilutions  to  1.5,  1,  and  0.5  per  cent  made.  The  refractive 
indices  of  these  solutions  were  then  made,  at  the  stated  tempera- 
tures, in  a  Pulfrich  refractometer  reading  to  within  1'  of  the  angle 
of  total  reflection.  A  sodium  flame  was  employed  as  the  source 
of  light.  All  solutions  were  adjusted  to  the  temperature  of  the 
room  so  that  the  temperature  of  the  refractometer  prism  and  that 
of  the  solutions  used  would  be  the  same.  Calculations  of  the  re- 
fractive index  were  made  from  a  table  supplied  by  the  maker  of 
the  instrument.  It  was  found  that  by  checking  the  instrument 
with  distilled  water  and  known  solutions,  the  true  refractive  in- 
dex as  given  by  the  table  was  not  obtained,  but  differed  by  a 
constant  (about  50').  The  values  for  the  refractive  indices  given 
in  the  table  are  not  to  be  taken  as  absolute.  For  the  purpose 
of  this  paper  we  are  concerned  merely  with  the  difference  between 
the  refractive  index  of  solution  and  solvent,  hence  absolute  values 
are  unnecessary. 

In  the  foUowing  table  are  given  the  results  obtained.  The 
values  for  a  are  calculated  from  the  equation  7i  —  7ii  =  a  X  c. 

From  the  table  it  will  be  seen  that  within  the  limits  of  the  ex- 
perimental error  and  for  the  different  solvents  used,  the  value 
for  a  is  a  constant.  Since  the  experimental  error,  reading  to 
within  1'  on  the  refractometer,  is  greatest  in  the  most  dilute  so- 
lutions and  least  in  the  most  concentrated,  it  would  be  incorrect 
in  obtaining  the  most  probable  value  for  a  merely  to  average  the 
values  for  a  as  calculated  from  each  determination.  As  shown 
by  Robertson^^  the  correct  method  of  obtaining  the  value  for  a 

Osborne,  Jour.  Am.  Chem.  Soc.y  1902,  xxiv,  77. 
"  Robertson,  Jour,  Biol.  Chem.,  1910-11,  viii,  510. 
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TABLE  I. 


Conoentnition  of 
edastin. 

Refractive  index. 

a. 

FbMible  error  for  «*  

Solvent  nfff  KOH. 

Temperature  ISM^'C. 

per  cent 

0 
0.5 
1.0 
1.2 
2.0 

1.32948 
1.33039 
1.33124 
1.33162 
1.33309 

0.00182 
0.00176 
0.00178 
0.00180 

=*=0.00016 
=4=0.00008 
=fcO. 00007 
=*=0.00004 

Solvent  KOH. 

Temperature  18.6'*C. 

0 
0.5 
1.0 
1.2 
2.0 

1.32986 
1.33078 
1.33162 
1.33201 
1.33340 

0.00184 
0.00176 
0.00179 
0.00177 

=0.00016 
=fcO. 00008 
±0.00007 
:^0. 00004 

Solvent  KOH. 

Temperature  IS'^C, 

0 
0.5 
1.0 
1.5 
2.0 

1.33070 
1.33155 
1.33247 
1.33332 
1.33418 

0.00170 
0.00177 
0.00175 
0.00174 

=tO. 00016 
=tO. 00008 
=*:0. 00005 
=*=0. 00004 

Solvent  NH4OH. 

Temperature  19.5°C. 

0 
0.5 
1.0 
1.5 
2.0 

1.32955 
1.33039 
1.33124 
1.33216 
1.33293 

0.00168 
0.00169 
0.00174 
0.00169 

=tO. 00016 
=tO. 00008 
=^0.00005 
=^0.00004 

Solvent  NajCOj 

.    Temperature  20^C. 

0 

0.5 
1.0 

1.5 
2.0 

1.33024 
1.33108 
1.33193 
1.33278 
1.3335G 

0.00168 
0.00169 
0.00169 
0.00160 

=*=0.0001 
±0.0000 
=*=0.000( 
±0.000 

C.  L.  A.  Schmidt 
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Qcentration  of 
edestin. 

'             -  ■ 

Refractive  index. 

a. 

PoBsible  error  tar  a. 

Solvent  HCl. 

Temperature  IT'^C. 

0 

to 

K 32963 
1.3313S 
1;333D9 

0.00182 

=fcO. 00016 

Solvent  w  HCl. 

Temperature  IS^C, 

0 
0.5 
1.0 
1.5 
2.0 

1.32971 
1.33054 
1.33139 
1.33224 
1.33309 

0.00166 
0.00168 
0.00169 
0.00169 

=t0. 00016 
=tO. 00008 
=4=0.00005 
=*:0. 00004 

Solvent  HCl. 

Temperature  19.6''C, 

0 
0.5 
1.0 
1.5 
2.0 

1.33016 
1.33101 
1.33185 
1.33262 
1.33340 

0.00170 
0.00169 
0.00164 
0.00162 

=tO. 00016 
=4=0.00008 
=*=  0.00005 
=t 0.00004 

Temperature  20. S^'C. 

0 
0.5 
1.0 
1.5 
2.0 

1.32963 
1.33047 
1.33131 
1.33216 
1.33309 

0.00168 
0.00108 
0.00169 
0.00173 

=tO. 00016 
=^0. 00008 
=t  0.00005 
=tO.  00004 

Solvent  10  per  rent  XaCl.    Temperature  S6°C. 

0 

0.5 

1.34436 
1.34510 

0.00166 

=i=0. 00016 

It  JOURNAL  OK  DIOIX)GIC.M.  CHEMISTRV,  VOL.  XXIII.  N  ).  2 
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is  to  add  all  the  values  for  n  —  ni  and  divide  this  total  by  the 
total  of  the  concentrations  employed.  A  similar  procedure  is 
used  in  calculating  the  possible  error  for  the  value  a.  Proceed- 
ing in  this  way  we  obtain  from  all  the  determinations  made,  the 
average  value  for  a  as  0.00174  =*=  0.00006. 

It  is  interesting  to  observe  that  in  acid  solutions  of  edestin  the 
value  of  a  does  not  differ  in  magnitude  from  the  value  found  in 
alkahne  solutions,  despite  the  fact  that  in  dilute  acid  solutions  the 
greater  part  of  the  edestin  is  converted,  as  has  been  shown  by 
Osborne,^  into  edestan,  this  latter  substance  being  the  first  prod- 
uct of  the  hydrolytic  cleavage  of  the  globulin,  edestin,  and  form- 
ing salts  with  hydrochloric  acid  corresponding  to  a  trichloride. 
Robertson*^  has  shown  that  the  complete  hydrolysis  of  sodium 
caseinate  by  trypsin  does  not  alter  the  refractive  index  of  the 
solutions;  t.e.,  the  value  for  a  remains  constant.  This  means 
that  the  refractive  index  of  a  solution  containing  the  split  prod- 
ucts of  a  protein  is  the  algebraic  sum  of  the  components  and 
equal  to  the  refractivity  of  the  whole,  since  the  volume  of  the  so- 
lution remains  constant.  This  is  also  true  in  the  case  of  a  com- 
pound protein,  globin  caseinate,  and  of  the  mixed  proteins  of  the 
blood  sera,  as  has  been  shown  by  Robertson.^' 

In  the  case  of  edestin,  as  is  also  true  of  the  other  proteins 
studied,  the  increase  in  the  refractive  index  of  an  aqueous  sol- 
vent (acid,  base,  or  salt)  due  to  any  given  concentration  of  a 
dissolved  protein  is  independent  of  the  nature  and  concentration 
(within  the  limits  studied)  of  the  aqueous  solvent.  This  is  to 
be  expected  since  refractivity  is  dependent  on  the  molecular  vol- 
ume or  the  sum  of  its  component  atoms.  Since  the  protein  mole- 
cule is  enormously  large  as  compared  with  the  hydrogen,  chlorine, 
or  potassiinn  atom,  it  can  readily  bo  imderstood  that  the  substi- 
tution of  a  potassium  for  a  hydrogen  atom,  or  vice  versa,  has  no 
measurable  influence  on  the  refractivity  of  any  given  concentra- 
tion of  protein  solution.^^ 

Osborne,  Jour.  Am.  ('hem.  Soc,  1902,  xxiv,  28. 
-*  Robertson,  Jour.  Biol.  Chem.,  1912,  xii,  23. 
-5  Robertson,  Jour.  Biol.  Chem.,  1912-13,  xiii,  505;  1912,  xi,  179. 

For  a  complete  discussion  of  this  subject^  sec  Robertson,  Die  physi- 
kalische  Chemie  der  Proteine,  Dresden,  1912,  319. 
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SUMMARY. 

1.  The  refractive  indices  of  varying  amounts  of  edestin,  dis- 
solved in  various  concentrations  of  solutions  of  acids,  bases,  and 
salts,  have  been  measured. 

2.  The  solutions  of  edestin  were  found  to  follow  the  law  n  —  Ui 
=  a  X  Cy  where  /i  is  the  observed  refractive  index  of  the  protein 
solution,  Til  that  of  the  aqueous  solvent,  c  the  percentage  of  dis- 
solved protein,  and  a  a  constant  expressing  the  change  in  the  re- 
fractive index  of  the  aqueous  solvent  by  the  addition  of  1  per 
cent  of  protein. 

3.  The  average  value  for  a  in  the  above  formula  was  found  to 
be  0.00174  ±  0.00006. 

4.  The  value  for  a  remains  constant  even  though  the  solvent 
causes  hydrolysis  of  the  dissolved  protein. 

I  am  indebted  to  Professor  T.  Brailsford  Robertson  for  the 
constant  interest  that  he  has  taken  in  this  work,  and  to  the  George 
Williams  Hooper  Foundation  for  Medical  Research  for  financial 
aid  in  carrying  out  the  investigation. 


IWrOTE  ON  THE  REDUCTION  OF  OXYHAEMOCYANIN  IN 
THE  SERUM  OF  LIMULUS  POLYPHEMUS  L. 


By  carl  L.  ALSBERG. 
iFrom  the  Laboratory  of  the  United  States  Bureau  of  Fisheries,  Woods  Hole.) 

(Received  for  publication,  November  1,  1915.) 

It  is  a  well  known  phenomenon  that  when  the  blue  blood  drawn 
from  certain  MoUusca,  Crustacea,  and  Arachnida  is  allowed  to 
remain  undisturbed  in  a  tall  vessel,  after  a  time,  varying  accord- 
ing to  species  and  temperature,  it  begins  to  decolorize  at  the 
bottom  of  the  containing  vessel,  the  blue  color  fading  progres- 
sively upward  until  only  a  narrow  layer  at  the  surface  retains  its 
color.  This  change  in  color  is  due  to  the  reduction  of  the  blue 
oxyhaemocyanin  contained  in  the  blood. 

This  phenomenon  in  the  blood  of  Lhnulus  polyphemus  was  first  studied 
by  Gotch  and  Laws.*  They  reported  that,  when  experimenting  with  whole 
blood,  no  satisfactory  blanching  of  the  liquid  was  observed  when  a  stream 
of  carbonic  acid  gas  was  passed  through  it,  but  that  serum  was  blanched  at 
once  by  the  addition  of  ammonium  sulphide.  Howell,*  who  made  similar 
studies  at  about  the  same  time,  stated  that  passing  a  stream  of  carbonic 
acid  gas  through  serum  of  Liinulus  does  not  decolorize  it.  Robert'  studied 
this  phenomenon  in  the  blood  of  the  cephalopod,  Eledone  moschata,  and 
found  that  when  preserved  in  a  sterile  condition  out  of  contact  with  air. 
this  blood  was  not  decolorized  even  at  a  temperature  of  39-40**C.,  provided 
reducing  substances,  such  as  sugars,  were  absent.  Phisalix*  investigated 
the  same  phenomenon  in  the  blood  of  the  vineyard  snail.  Helix  pomatia. 
In  whole  blood  of  this  animal  reduction  was  checked  by  the  addition  of 
chloroform,  ether,  formaldehyde,  or  sodium  fluoride,  by  the  careful  addi- 


^  Ootch,  F.,  and  Laws,  J.  P.,  On  the  Blood  of  Limulus  polyphcnms, 
British  Assn.  Adv.  Sc.,  Report,  1884,  liv,  774. 

*  Howell,  W.  H.,  Observations  on  the  Chemical  Composition  and  Coag- 
ulation of  the  Blood  of  Limulus  polyphemus,  Johns  Hopkins  Univ.  Circular 
V,  1885,  4. 

*  Robert,  R.,  Ueber  Hamocyanin  nebst  einigen  Notizen  iiber  Hameryth- 
rin,  Arch.  f.  d.  gee.  Physiol.,  1903,  xcviii,  411. 

*  Phisalix  C,  Observations  sur  le  sang  de  Tescargot  (Helix  pomatia) 
Reduction  de  Thdmocyanine,  Compt.  rend.  Soc.  de  biol.,  1900,  Hi,  729. 
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tion  of  acetic  acid,  by  removing  the  fioccules  resulting  from  incomplete 
saturation  with  magnesium  sulphate  or  with  sodium  chloride,  by  chilling 
in  chipped  ice,  by  repeated  heating  to  65''C.,  and,  finally,  by  dialysis 
even  though  the  blood  cells  were  not  removed  and  bacteria  grew.    If  the 
material  in  the  dialysate  was  returned  to  the  dialyzed  blood,  reduction  did 
not  take  place.   De8tro3ring  the  cells  by  heating  for  20  minutes  at  60®C. 
and  repeating  after  an  interval  of  24  hours  did  not  prevent  reduction. 
Filtering  blood  through  a  Chamberland  filter  gave  a  clear,  colorless  filtrate, 
while  a  thick  blue  liquid  remained  on  the  filter  which  decolorized  more 
rapidly  than  did  the  original  blood.   Saturation  with  magnesium  sulphate 
yielded  a  precipitate,  which,  when  redissdlved  in  water,  formed  a  solution 
that  gradually  decolorized.   If  such  a  solution  was  dialyzed,  the  fading 
was  diminished.   Phisalix  concluded  that  the  reduction  was  due  to  the 
presence  of  protein  substances  and  not  to  microorganisms.   His  conclu- 
sions were  based  on  the  fact  that  fading,  or  reduction,  occurred  in  blood 
which  had  been  heated  to  GO^CL,  and  which  could,  therefore,  contain  no  « 
living  cells.   The  blood  cells  must  have  been  destroyed  by  the  heat,  and  I 
microorganisms  were  assumed  to  be  absent  since  the  blood  remained  clear.  - 
Moreover,  dialysis  prevented  the  fading  or  reduction.    It  was  assiuned  JE 
that  dialysis  did  not  affect  the  cells  or  the  microorganisms.    Phisalix  also  c 

found  that  adding  to  the  serum  ammonium  oxalate  in  excess  of  that  neces  

sary  to  precipitate  the  calcium  hastens  fading.    Further,  he  found  that  ^ 
serum  thus  decolorized  may  not,  when  shaken  with  air,  completely  recover-K 
its  color.   Since  Warburg' -has  shown  that  the  blood  cells  in  vertebrates^ 
blood  exert  reducing  power,  it  may  bie  safely  believed  that  in  whole  blood 
of  Helix  the  cells  have  more  or  less  reducing  power. 

Further,  Heffter*  has  shown  that  one  class  of  reductions  depends  uponfx 
the  cleavage  of  the  thio  group  from  the  protein,  the  reductions  being  greatljr^^ 
accelerated  by  heat. 

The  present  paper  contributes  some  additional  observations* 
concerning  the  reduction  of  haemocyanin  of  the  blood  of  lArmdux^ 
polyphemus  L.  In  making  the  observations  recorded  below,  th(^» 
whole  blood  of  Limulus  polyphemus  could  not  be  employed  be —  - 
cause  it  is  possible  only  with  difficulty  to  prevent  its  clotting '  — 
The  serum  of  Limulus  used  was  free  from  cells,  being  prepared  as=5 
described  by  Alsberg  and  Clark. ^   Before  examination  at  Woodaf^ 

^  Warburg,  O.,  t)bcr  Beeinflussung  der  Oxydationen  in  lebenden  Zellec 
nach  Versuchen  an  roten  Blutkorperchen,  Zischr.  f.  physiol.  Chem.,  1910, 
Ixix,  452. 

•  Ileffter,  A.,  Die  reduzierenden  Bestandteile  der  Zellen,  Med.-Nal- 
vrwissensch.  Arch.,  1907,  i,  81;  Giebt  es  roduziercnde  Fermente  im  Tier- 
korper?   Arch.  f.  cxper.  Path.  u.  PharmakoL,  1908,  Suppl.,  253. 

^  Alsberg,  C.  L.,  and  Clark,  E.  D.,  The  Haemocyanin  of  Limulus  poly- 
phemus, Jour.  Biol.  Chcvu,  1910,  viii,  1. 
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^Sole  or  shipment  to  the  laboratory,  some  of  the  animals,  from 
^which  the  serimi  was  drawn,  were  bled  at  once  after  coUectingi 
others  remained  in  a  floating  car  in  the  harbor  for  6  weeks  in  cer- 
"t^ain  cases,  and  10  weeks  in  other  cases. 

The  following  tests  were  made  with  definite  portions  of  pre- 
jpared  sermn  of  Limulua  varying  in  amount  from  5  to  10  cc. 

When  the  sermn  was  chilled  to  temperatm^  near  0°C.,  the 
spontaneous  reduction  of  the  haemocyanin  was  greatly  checked. 
"When  heated,  reduction  was  greatly  augmented,  the  maximum 
effect  being  obtained  at  about  30*^C.   Warming  the  serum  to 


TABLE  I. 

The  Reducing  Action  of  the  Serum  of  Limulus  on  Various  Reagents, 


No  reduetioD. 

#           Slight  reduction. 

Cerulein 

Alizarin  disodiimi  sulphonate 

Crystal  violet 

Indigo  carmine 

Gallocyanin 

Phenolphthalein 

Malachite  green 

Potassium  ferricyanide 

Mercurous  chloride 

Methylene  blue 

Methyl  orange 

Nitrobenzene 

Potassium  pi  crate 

Sodium  nitrate 

"  nitroprusside 

"  selenite 

"  telluride 

Sulphur 

40**C.  for  5  or  10  minutes  inhibited  reduction  almost  completely. 
Warming  to  60**C.  inhibited  absolutely  with  the  formation  of  an 
insignificant  coagulum.  In  Table  I  are  grouped  the  various 
reagents  showing  no  reduction  and  those  showing  slight  reduc- 
tion in  the  presence  of  the  serum  of  Limuhis. 

Senmi  of  Limulus  does  not  reduce  sodium  nitroprusside,  a 
reaction  said  by  Heffter  to  be  characteristic  of  labile  thio  groups. 
Flowers  of  sulphur  left  in  contact  with  the  serum  for  many  hours 
do  not  evolve  any  traces  of  hydrogen  sulphide  when  subsequently 
acidified.  On  heating  after  acidifying  neither  lead  acetate  paper 
nor  polished  silver  foil  are  l)]a('kene(l  in  the  vapors.  Limulus 
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serum,  therefore,  does  not  behave  Uke  the  "Philothion"  of  <ie 
Rey-Pailhade.' 

While  no'  evidence  was  obtained  that  the  thio  group  is  resp*::^^' 
sible  for  the  reduction  of  oxyhaemocyanin  in  blood  aUowed  ^ 
stand,  hydrogen  sulphide  passed  into  the  senmi  at  room  tempe^^^ 
ture  decolorized  it  promptly,  producing  at  the  same  time  a  slighf^^^ 
dirty,  yellowish  tint.   Serum  decolorized  in  this  way  regained  ^^a^ 
color  promptly  when  shaken  in  air,  but  lost  it  again  very  qmck^^^j^^ 
and  continued  to  behave  in  this  way  for  several  days,  probab^  ^  ^ 
because  of  the  absorbed  hydrogen  sulphide.    At  the  same 
it  acquired  a  faintly  brownish  tinge,  as  though  a  part  of  thr 
copper  were  being  converted  into  the  sulphide.  ^  . , 

When  gases  Uke  hydrogen,  illuminating  gas,  or  carbonic  acicF-^'^ 
gas,  were  passed  through  t|ie  blue  serum,  at  first  there  was  nc^  ^-^^ 
change  of  color.    After  30  or  40  minutes  fading  began  but  was-^^^^ 
never  complete.    The  time  that  must  elapse  was  so  long  thatiri 
seemed  probable  the  passage  of  the  gas  merely  hastened  sUghtly  >'» 
if  at  all,  the  ordinary  spontaneous  fading.    Senmi  decolorizec^^^^l 
in  this  way  turned  blue  when  shaken  in  air,  but  did  not  agairmri 
fade  quickly. 

The  antiseptics,  chloroform  and  toluene,  inhibited  spontan^ii*3i- 
eous  fading.    To  get  the  effect  with  toluene  the  senmi  was  thonm-  ^r- 
oughly  shaken  with  it.    The  protective  action  of  the  layer  cc — 
toluene,  keeping  the  serimi  out  of  contact  with  the  atmosphei 
is  not  a  factor,  for  a  layer  of  neutral  cottonseed  oil  several  inchi 
thick  did  not  interfere  with  the  decolorizing.    The  effect  c  of 
toluene,  like  that  of  many  other  agents  that  prevent  reductioi^^, 
was  not  permanent.    After  standing  undisturbed  several  da>^s 
under  toluene  the  serum  may  begin  to  fade. 

The  effect  of  dialysis  on  the  serum  is  not  easy  to  judge,  be- 
cause haemocyanin  of  Limuhis,  like  globulins  in  general,  is,  in  part, 
precipitated  by  dialysis.^  The  rate  of  reduction  was  greatly 
diminished.  On  the  other  hand,  the  loss  of  salts  and  other 
dialyzable  matter  also  seemed  to  have  some  influence,  for,  when 
the  normal  alkalinity  was  restored  to  thoroughly  dialyzed  serum 
and  sufficient  pure  sodium  chloride  added  to  produce  solution, 

•  de  Rey-Pailhadc,  J.,  Sur  un  corps  d'origine  organique  hydrog^nant 
le  Boufro  i\  froid,  Compl.  rend.  Acad.  d.  sc.,  1888,  cvi,  1683. 
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the  normal  rate  of  reduction  was  not  restored.  Reduction  will, 
however,  occur  in  dialyzed  serum  after  standing  some  days  in 
the  ice  box  or  after  36  hours  at  room  temperature. 

Small  amounts  of  iodine  or  bromine  water  did  not  affect  the 
fading.  The  addition  of  a  considerable  quantity  of  ammonium 
sulphate  inhibited  the  reduction.  If,  however,  enough  was  added 
to  produce  precipitation  the  haemocyanin  separated  in  the  form 
of  pale  blue  floccules  of  lighter  blue  color  than  the  serum  before 
the  treatment  with  salt.  Possibly,  when  precipitated  in  this 
fashion,  the  haemocyanin  does  not  have  its  maximum  oxygen  con- 
tent, for,  when  it  is  removed  from  the  solution  by  filtration,  the 
surface  of  the  precipitate  on  the  filter  paper,  where  exposed  to  the 
air,  becomes  a  blue  of  darker  color  than  the  material  underneath. 
If  the  material  was  dissolved  in  a  Efficiently  small  amount  of 
water  no  fading  occurred.  After  12  to  48  hours,  varying  with 
the  temperature,  a  certain  amount  of  decolorizing  occurred  if  the 
salt  was  sufficiently  diluted  with  water. 

The  reducing  powet  of  the  serum,  if  any,  was  found  to  be  ver\^ 
slight.  Sodium  telluride,  sodium  selenite,  mercurous  chloride, 
potassium  picrate,  nitrobenzene,  methylene  blue,  cerulein,  gallo- 
cyanin,  crystal  violet,  malachite  green,  and  methyl  orange  were 
not  reduced.  Keeping  the  serum  from  contact  with  air  by  a 
thick  layer  of  neutral  cottonseed  oil,  petroleum  ether,  or  paraffin, 
did  not  affect  the  result.  The  only  dyes  it  reduced  were  indigo 
carmine,  phenolphthalein,  and  alizarin  disodium  sulphonate. 
Indigo  carmine  was  altered  only  after  several  days.  Phenol- 
phthalein was  but  slightly  affected.  Alizarin  disodium  sulpho- 
nate was  easily  decolorized.  The  latter  was  somewhat  reduced 
even  by  coagulated  serum.  Potassium  ferri cyanide  was  rapidly 
reduced.  This  effect  was  weakened  by  boiling  the  serum  but 
could  not  be  prevented  completely.  Egg  albumin,  in  solutions 
of  about  the  same  alkalinity  as  the  serum,  was  found  also  to  re- 
duce potassium  ferri  cyanide,  though  not  as  powerfully  as  Lm- 
ulus  serum  did.  If  the  weakly  alkaline  solution  was  first  boiled 
it  reduced  ferricyanide  very  powerfully.  As  hydrogen  sulphide 
itself  reduces  ferricyanide  powerfully,  this  phenomenon  was 
possibly  due  to  the  thio  group  of  the  haemocyanin  molecule. 

Nitrate  was  not  reduced  to  nitrite  by  Limulus  serum.  The 
method  used  was  that  recommended  by  Heffter.'   As  the  blood 
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of  moribund  animals  and  blood  that  is  not  absolutely  fresh  may 
give  nitrite  reactions,  the  serum  for  these  experiments  was  drawn 
from  a  freshly  caught,  healthy  animal,  and  tested  as  soon  as 
possible  after  the  blood  was  drawn.    It  is  not  necessary  to  as- 
siune  that  the  presence  of  nitrite  in  the  blood  of  moribimd  ani- 
mals or  in  old  blood  is  due  to  bacterial  action.    It  may  be  due  to 
the  oxidation  of  ammonia,  for  Schonbein^  has  shown  that  when 
metallic  copper  is  dissolved  by  ammonia  in  air,  the  ammonia  is 
oxidized  to  nitrous  acid.   Moreover,  Loew*®  extended  this  obser-  — 
vation  to  completed  solutions  of  cupric  oxide  in  ammonia.   The  ^^^i 
copper  in  the  serum  of  Limuhis  is  loosely  combined  with  the  ^^^i 
protein,  and  the  serum  is  very  alkaline.    Moreover,  the  absorp- 
tion spectrum  given  by  a  weakly  alkaline  solution  of  pure  haemo- 
cyanin  is  similar  to  that  of  |^  ammoniacal  copper  solution.    No  1o 

distinct  absorption  bands  were  found  to  exist  in  senun  of  Lim  

vlus,  when  such  tests  were  made  for  me  by  Professor  Gregory  P.  « 
Baxter.    It  is  probable,  therefore,  that  the  copper  in  the  serimij 
is  in  a  state  not  unlike  that  in  ammoniacal  Solutions. 


Since  Phisalix  found  that  oxalates  hasten  the  reduction  of  hae —  j 
mocyanin  in  serum  it  seemed  of  interest  to  learn  what  oxidizingg^  Mg 
action,  if  any,  pure  solutions  of  haemocyanin  might  exert  ormz^'^n 
potassium  oxalate.    The  haemocyanin  was  prepared  from  freshcT^I-sh 
serum  by  fractional  precipitation  with  ammonium  sulphate.^  — 
The  precipitated  haemocyanin  was  dissolved  in  water  while  still-Ml  U 
moist,  and  in  the  presence  of  toluene  freed  from  ammoniim:_-«=u 
sulphate  by  dialysis.    The  haemocyanin  concentration  of  the  re- 
sulting  solution  was  estimated  by  determining  the  nitrogen  hy^zy 
the  Kjeldahl  method.    The  solution  used  contained  10.08  gm.  or 
haemocyanin  in  100  cc.    20  cc.  of  this  solution,  equivalent 
2.016  gm.  of  haemocyanin,  5  cc.  of  a  solution  of  potassium  oxa 
late,  equivalent  to  0.0241  gm.  of  oxalic  acid,  and  a  few  drops 
toluene  were  put  in  small  tightly  stoppered  glass  flasks  and  al 
lowed  to  stand  in  diffused  light.    They  were  shaken  sever 
times  daily  to  keep  the  solution  saturated  with  air.    Before  beine 

'  Schonbein,  C.  F.,  Ucbcr  einc  cipenthumliche  Erzeugungsweise  der 
salpetrigcn  Saure,  Mannish,  der  Kdniglichen  Prcussischen  Akad.  d.  Wis- 
sensch.  z.  Berlin,  1S56,  580.  f  jd 

10  Loew,  O.,  Kupferoxyd-Ammoniak  als  Oxydationsmittel,  Jour,  /. 
prakt.  Chcm.,  1878,  xviii,  298. 
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set  aside  several  of  the  flasks  were  rendered  alkaline  with  1  cc. 
fSr  KOH.  At  different  intervalp  the  oxalic  acid  was  determined 
by  acidifying  with  sulphuric  acid,  adding  several  volumes  of 
alcohol,  filtering,  and  extracting  the  precipitate  thoroughly  with 
alcohol.  The  combined  alcoholic  filtrates  were  concentrated  to 
small  bulk  on  the  water  bath.  The  concentrated  solution  was 
B^ain  thoroughly  extracted  with  alcohol  and  the  alcoholic  ex- 
tracts were  concentrated.  The  concentrate  was  then  exhausted 
with  ether,  the  ether  evaporated,  the  residue  dissolved  in  water, 
filtered,  and  the  oxahc  acid  precipitated  as  the  calcium  salt. 
This  was  gathered  on  an  ashless  filter,  ashed,  and  heated  to  con- 
stant weight.  The  weights  of  the  CaO  and  the  conditions  under 
which  they  were  obtained  are  recorded  in  the  following  table. 

TABLE  11.^ 

The  Effect  of  Pure  Haemocyanin  on  Potassium  Oxalate. 


CaO 
recovered. 

Time 
elapsed. 

gm. 

dayt 

0.0165 

0.0101 

4 

0.0171 

7 

0.0092 

7 

0.0176 

10 

0.0098 

10 

0.0176 

10 

0.0241  gm.  potassium  oxalate  +  haemocyanin.. 
O.0241   "         "  "  -f 

0.0241  " 
0.0241  " 
0.0241  " 
0-0241  " 


0.0241 


"  "      solution  alone... . 

"  "      4-  haemocyanin. . 

"  *<        _l.  it 

+  1  cc.-ffr  KOH 
potassium  oxalate  -f  haemocyanin 
-f  1  cc.  A  KOH 


The  results  from  these  preliminary  experiments  are  practi- 
cally negative.  The  variations  seem  to  be  within  the  range  of 
experimental  error.  To  learn  whether  a  substance  more  easily 
oxidizable  than  oxalic  acid  is  attacked,  some  of  the  haemocyanin 
solution  was  rendered  1  per  cent  alkaline  with  potassium  hydrox- 
ide and  sufEcient  pure  anhydrous  glycerol  added  to  make  the  con- 
centration of  glycerol  5  per  cent.  At  a  temperature  of  37®C.  this 
was  tested  for  oxygen  absorption  according  to  the  method  of 
Bunzel.^^    No  absorption  of  oxygen  was  observed. 

"  Bunzeli  H.  H.,  The  Measurement  of  the  Oxidase  Content  of  Plant 
Juices,  U.  S.  Dept.  of  Agriculture,  Bureau  of  Plant  Industry^  Bull.  2S8, 
1912. 
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Freshly  drawn  blood  frequently  requires  24  hours  or  more  to 
decolorize.  This  is  particularly  true  if  the  animal  has  been  kept 
in  the  air  before  bleeding  until  the  surface  of  the  body  where  the 

blood  is  drawn  becomes  dry.   Blood  that  has  once  become  de-   

colorized,  if  subsequently  oxygenated  by  shaking  in  air,  there-   

after  decolorizes  rapidly.    The  older  the  blood  the  more  rapidly 
the  blue  color  fades.    This  fact  renders  it  altogether  imlikely 
that  the  fading  is  due  to  the  action  of  a  reducing  enzyme,  to  the  ^3^^ 
presence  of  an  auto-oxidizable  substance  in  the  blood,  or  to  the 
consumption  of  oxj'-gen  by  blood  cells  or  by  pieces  of  protoplasm  mi^zml 
which  may  have  escaped  entanglement  in  the  agglutination  which  .cif 
forms  the  clot.    An  enzyme  would  probably  be  more  active  inm::mLjin 
fresh  blood.    An  auto-oxidizable  substance  would  gradually  be^^^ie 
oxidized  so  that  the  reduci^  action  would  become  progressively^  Jly 
weaker.   Cells  and  protoplasm  would  be  most  active  in  frestrCsh 
blood.    The  simplest  explanation  of  the  reduction  of  the  oxy^=;^^'- 
haemocyanin  is  that  it  is  largely  due  to  the  development  of  micro^zz^-o- 
organisms,  which  accords  with  the  observations  of  Robert-  o*.' 
This  would  explain  the  inhibiting  action  of  heat  and  of  antiseptics^  ^. 
It  would  also  explain  why  old  blood  decolorizes  more  rapidly  ~m'. 

The  only  argument  against  this  view  is  that  dialysis  retards  th  Me 

reduction.    The  probable  explanation  of  this  phenomenon  is  thsB- 1 
the  removal  of  salt  and  other  nutritive  material,  as  well  as  th-^ 
diminution  of  alkalinity,  creates  a  condition  less  favorable  to  tb^ 
growth  of  microorganisms,  particularly  that  of  marine  organisms. 
As  a  result  of  the  diminution  of  alkalinity  the  copper  is  probably 
more  easily  dissociated,  for  it  has  been  shown  that  long  continued 
dialysis,  as  well  as  very  weak  acid,  may  remove  copper.^  As 
copper  is  highly  toxic  to  many  microorganisms,  even  in  great 
dilutions,  as  shown  by  Kellerman  and  Beckwith,"  this  may  ac- 
count for  the  delayed  reduction.    Certainly,  pure  haemocyanin 
solutions  do  not  putrefy  easily,  even  serum  being  more  permanent 
than  ordinary  protein  solutions. 

On  the  whole,  the  conclusion  seems  justified  that  the  color  re- 
duction phenomena  are,  extra  corporCy  due  to  the  action  of  micro- 
organisms.   It  cannot,  however,  be  denied  that  the  presence  of 

12  Kellerman,  K.  F.,  and  Beckwith,  T.  D.,  The  Effect  of  Copper  upon 
Water  Bacteria,  C7.  S.  Dept.  of  Agriculture^  Bureau  oj  Plant  Industry,  Bull. 
WO,  pt.  vii,  1907. 
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reducing  substances  in  the  serum  may  play  a  part,  for  these  may 
be  present,  as  shown  by  the  following  experiments.  When  the 
blood  of  a  well  nourished,  recently  captured  animal  was  treated 
with  several  volumes  of  alcohol,  and  the  alcohol  drained  off  and 
concentrated,  the  residue  from  the  alcoholic  filtrate  reduced 
Fehling's  solution.  Concerning  the  exact  cause  of  this  reduction 
no  observations  are  recorded.  When  the  blood  of  animals  in  an 
advanced  stage  of  starvation  was  treated  in  this  way  no  reduction 
was  observed.^*  The  hypothesis  advanced  in  this  paper  to  ac- 
count for  the  reduction  on  standing  of  oxyhaemocyanin  in  serum 
of  Limulus  is  in  accord  with  the  observations  of  Alsberg  and 
Clark^^  on  the  oxygen  capacity  of  the  haemocyanin  of  Limulus^ 
that  the  oxyhaemocyanin  is  not  easily  dissociated  and  does  not 
give  off  oxygen  under  diminished  prdfeure. 

It  would  appear,  therefore,  that  the  reduction  on  standing  of 
oxyhaemocyanin  observed  in  the  serum  of  Limulus  is  probably 
due  neither  to  enzymes  nor  to  the  presence  of  auto-oxidizable 
substances,  but  to  the  action  of  microorganisms.  This  was 
shown  by  determining  the  behavior  of  a  large  number  of  readily 
auto-oxidizable  substances  in  presence  of  the  serum. 

Alsberg,  C.  L.,  and  Clark,  E.  D.,  The  Blood  Clot  of  Limulus  poly- 
pkemus,  Jour.  Biol.  Chem.,  1908-09,  v,  323. 

"  Alsberg,  C.  L.,  and  Clark,  W.  M.,  The  Solubility  of  Oxygen  in  the 
Serum  of  Limulus  polyphemus  L.  and  in  Solutions  of  Pure  Limulus  Haemo 
cyanin,  Jour.  Biol.  Chem.,  1914,  xix,  503. 


GASTRO-INTESTINAL  STUDIES. 

XI.   STUDIES  ON  THE  RELATIVE  DIGESTIBILITY  AND  UTILIZA- 
TION BY  THE  HUMAN  BODY  OF  LARD  AND  HYDROGENATED 
VEGETABLE  OIL. 

By  C.  a.  SMITH,  RAYMOND  J.  MILLER,  and  PHILIP  B.  HAWK. 

(From  the  Department  of  Physiological  Chemistry ,  Jefferson  Medical  Col' 
lege,  Philadelphia.) 

(Received  for  publication,  October  22,  1915.) 

A  great  deal  of  work  has  been  done  on  the  digestion  and  absorp- 
tion of  fats  in  general,  and  as  there  has  been  more  or  less  discus- 
sion concerning  the  availability  of  hydrogenated  vegetable  oils, 
it  was  thought  advisable  to  compare  the  respective  behaviors  of 
lard  and  a  hydrogenated  vegetable  oil  upon  ingestion  by  the 
human  subject. 

Munk^  and  Arnschink'  were  among  the  earlier  workers  who  showed  that 
the  completeness  with  which  fats  are  absorbed  depends  on  the  character 
oi  the  fats  ingested.  Their  work  indicates  that  fats  of  high  melting  point 
are  absorbed  to  a  smaller  degree  than  fats  of  low  melting  point.  The  kind 
of  fat  ingested  has  also  an  influence  on  the  rapidity  of  absorption,  as  shown 
by  Munk  and  Rosenstein.  High  melting  mutton  fat,  for  example,  is  ab- 
sorbed more  slowly  than  lipanin,  which  is  liquid  at  ordinary  temperature. 

Bloor'  in  some  recent  work  obtained  data  of  slightly  different  character, 
which  indicate  rather  strongly  that  the  human  and  animal  intestine,  in 
general,  is  capable  of  transforming  the  greatly  varying  fats  of  the  ordi- 
nary mixed  diets  into  fat  which  is  uniform  and  more  or  less  characteristic 
of  the  species.  Bloor*  emphasizes  also  the  probability  that  saponification 
is  a  necessary  preliminary  to  fat  absorption. 

There  has  been  but  little  work  done  in  regard  to  the  relative 
degree  of  utilization  of  lard^  and  hydrogenated  vegetable  oils. 

iMunk,  I.,  Arch.  f.  path.  Anal.,  1880,  Ixxx,  10;  1884,  xcv.  407;  1890, 
cxxii,  302.    Munk,  I.,  and  Rosenstein,  A.,  ibid.,  1891,  cxxiii,  230,  484. 

*  Amschink,  L..  Ztschr.  f.  Biol.,  1890,  xxvi,  434. 

*  Bloor,  W.  R.,  Jour.  Biol.  Chem.,  1914,  xvi,  517. 

*  Bloor,  W.  R.,  Jour.  Biol.  Chem.,  1913,  xv,  lOo. 

•Langworthy,  C.  F.,  and  Holmes,  A.  D..  U.  S.  Dept.  of  Agriculture 
Bulletin,  1915. 


506 


Gastro-Intestinal  Studies 


Because  of  the  importance  to  which  these  substances  have  risen 
on  account  of  their  increasing  use  for  human  consumption,  the 
following  experiment  was  conducted.  The  subjects  of  the  experi- 
ment were  two  members  of  the  staff  of  the  Department  of  Physi- 
ological Chemistry  of  the  Jefferson  Medical  College  and  were, 
as  far  as  known,  normal  individuals.  Their  weights  at  the  start 
of  the  experiment  were  113.5  pounds  (Subject  S)  and  132.3 
pounds  (Subject  M). 

The  experiment  was  conducted  in  two  periods  of  8  days  each, 
separated  by  an  interval  of  3  days.  The  diets  of  the  two  periods 
were  essentially  the  same,  with  the  exception  that  in  the  first 
period  the  fat  of  the  diet  was  made  up  principally  of  lard,  while 
in  the  second  period  lard  was  replaced  by  the  hydrogenated 
vegetable  oil.  During  the  3  day  interval  between  the  periods 
an  ordinary  mixed  diet  was  eaten  by  both  subjects,  in  order  that 
the  second  period  might  be  started  under  conditions  as  nearly 
like  those  of  the  beginning  of  the  first  period  as  possible.  The 
diets  consisted  of  the  following  substances:  shredded  wheat, 
meat,  biscuits,  potato  chips,  milk  (small  quantity  with  cereal), 
apple,  sugar,  jelly,  agar-agar,  and  water.  The  diets  were  so 
arranged  that  the  amount  of  fat,  other  than  lard  or  hydroge- 
nated vegetable  oil,  was  reduced  to  the  minimum.  The  amount 
of  total  fat  ingested  during  each  jx?riod  })y  each  subject  is  given 
in  Table  III. 

The  hydrogenated  oil  in  question  was  made  from  cottonseed 
oil.  Hydrogen  was  added  in  the  presence  of  a  catalytic  •  gent 
consisting  of  a  treated  mixture  of  nickel  salts  and  kiesclguhr. 
After  hydrogen  had  been  added  to  the  desired  point,  the  cata- 
lytic agent  was  filtered  out,  and  the  hydrogenated  fat  thoroughly 
deodorized. 

The  daily  feces  of  each  subject  were  collected,  thoroughly 
mixed,  weighed,  and  sampled  for  analysis. 

A  nalytical  Procedures, 

Deteniiinations  of  total  fat,  fattj'  acid,  and  neutral  fat  in  the 
daily  feces  were  made  by  the  Saxon  method*^  which  proved  to  be 

«  Saxon,  G.  J.,  Jour.  Biol.  Chem.,  1914,  xvii,  99.  For  discussion  sec 
Smith,  C.  A.,  Miller,  R.  J.,  and  Hawk,  P.  B.,  ibid.,  1915,  xxi,  395. 


TABLE  I. 


Fat  Eliminated  in  Feces  during  Both  Periods. 
Subject  S, 


Stool. 

Weight  of  stcol. 

Total  fat. 

Fatty  acid. 

Neutral  fat. 

Period. 

Period. 

Period. 

Period. 

I. 

II. 

I. 

II. 

I. 

II. 

I. 

II. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

1  

42.0 

254.1 

1.39 

3.64 

0.28 

1.42 

1.11 

2.22 

2 

90.6 

231.7 

3.47 

4.67 

1.33 

2.04 

2.14 

2.63 

3  

139.8 

107.7 

4.18 

3  32 

1.83 

1.19 

2.35 

2.13 

4  

245.3 

377.5 

6.00 

10.15 

2.84 

4.19 

3.16 

5.96 

5  

189.5 

79.0 

3.77 

3.22 

1.59 

1.42 

2.18 

1.80 

6  

142.2 

254.1 

3.12 

8.37 

1.51 

3.43 

1.61 

4.94 

7  

179.3 

114.0 

4.54 

3.30 

1.72 

1.34 

2.82 

1.96 

8  

103.4 

178.2 

2.41 

5.16 

1.00 

1.82 

1.41 

3.34 

9  

99.3 

87.8 

2.92 

3.41 

0.33 

0.49 

2.59 

2.92 

10  

34.8 

1.81 

0.60 

1.31 

Totals  

33.61 

45.24 

12.93 

17.34 

20.68 

27.90 

Daily  averages  . . . 

4.20 

5.65 

1.62 

2.17 

2.58 

3.48 

Period  I,  lard;  Period  II,  hydrogenated  vegetable  oil. 


TABLE  IL 

Fai  Eliminated  in  Feces  during  Both  Periods. 


Subject  M. 


stool. 

Weight  of  stool. 

Total  fat. 

Fatty  acid. 

Neutral  fat. 

Period. 

Period. 

Period. 

Period. 

I. 

II. 

I. 

IL 

I. 

IL 

I. 

IL 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

1 

172.2 

92.9 

4.00 

3.95 

1.39 

1.96 

2.61 

1.99 

2 

86.0 

179.3 

2.31 

7.81 

0.95 

1.89 

1.36 

5.92 

3 

191.0 

280.5 

3.82 

9.05 

1.99 

4.49 

1.83 

4.56 

4 

111.8 

189.5 

3.44 

7.03 

1.64 

3.45 

1.80 

3.58 

5 

220.9 

253.2 

5.58 

6.76 

3.08 

3.70 

2.50 

3.06 

6 

190.7 

421.7 

6.43 

8.52 

1.58 

4.47 

4.85 

4.05 

7 

448.2 

387.0 

8.15 

6.65 

3.58 

3.60 

4.57 

3.05 

8 

346.9 

425.5 

7.95 

6.51 

2.36 

3.57 

5.59 

2.94 

9 

95.0 

3  40 

1.36 

2.04 

Totals  

45.08 

56.28 

17.93 

27.13 

27.15 

29.15 

Daily  averages  . . . 

5.63 

7.03 

2.24 

3.39 

3.39 

3.64 

Period  I,  lard;  Period  II,  hydrogenated  vegetable  oil. 
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TABLE  III. 

Digestion  and  Utilization  of  Fat  for  Both  Periods. 


Subject  8. 

Subject  M. 

Period. 

Penod. 

I. 

II. 

1. 

II. 

Daily 

Total. 

Daily 

Daily 

D&^^3& 

Total. 

aver- 

aver- 

ToUl. 

aver- 

Total. 

SLYm^^K^^  vc 

age. 

ace. 

age. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

Total  fat  ingested... 

736.1 

92.0 

753.1 

94.0 

755.3 

94.4 

772.3 

96^3^«6., 

Fatty  acid  elimina- 

ted in  feces  

12.9 

1.6 

17.3 

2.2 

17.9 

2.2 

27.1 

Neutral  fat  elimi- 

nated in  feces  

20.7 

2.6 

27.9 

3.5 

27.2 

3.4 

29.2 

Amount  of  fat  di- 

gested (split)  

715.4 

89.3 

725.2 

90.7 

728.1 

91.0 

743.1 

Percentage  of  fat 

digested  

97.1 

96.3 

96.4 

96.3 

Total  fat  eliminat- 

ed in  feces  

33.6 

4.2 

45.2 

5.7 

45  1 

5.6 

56.3 

Amount  of  fat  util- 

ized   

702.5 

87.8 

707.9 

88.5 

710.2 

88.8 

716.0 

Percentage  of  fat 

utilized  

95.4 

94.0 

94.0 

92.7 

TABLE  IV. 

Comparative  Digestion  and  Utilization  of  Lard  ojid  Hydrogenated  Vegetable 

Oil. 


Digeetion. 

Utilization. 

Subjwt. 

I^ird. 

Hydr-gen- 
ated  \e^fi- 
table  oil. 

Difference. 

lATd. 

Hydrogen- 
ated vege- 
table oil. 

Difference. 

per  cent 

ptT  cent 

ptr  cfut 

ptr  ctnt 

per  cent 

ptr  ctnl 

^  

97.1 
90.4 

90.3 
90.3 

OS 
O.J 

95.4 
94.0 

94.0 
92.7 

1.4 
1  3 

M  

Averages  .... 

9(;.7.") 

0.4:) 

94.7 

93.35 

1  a- 
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speedy,  convenient,  and  accurate.  The  amounts  of  total  fat, 
fatty  acid,  and  neutral  fat  eliminated  by  the  two  subjects  during 
both  periods  are  given  in  Tables  I  and  II.  The  values  for  fatty 
acid  are  given,  in  all  cases,  in  terms  of  stearic  acid;  the  neutral 
fat  is  taken  as  the  difference  between  total  fat  and  fatty  acid. 

Fat  was  determined  in  the  solid  foods  by  extraction  of  the 
dried,  pulverized  material  for  20  hours  according  to  the  usual 
Soxhlet  procedure.  The  fat  of  the  milk  was  determined  by  the 
Babcock  method. 

DISCUSSION. 

In  regard  to  the  relative  digestion  and  utilization  })y  the  human 
jubject  of  lard  and  the  hydrogenated  vegetable  oil  used  in  this 
experiment,  the  experimental  data,  as  summarized  in  Table  IV, 
how  practically  no  difference  in  the  behavior  of  the  two  fats. 
The  average  percentage  of  digestion  of  lard  was  96.75,  and  of  the 
lydrogenated  vegetable  oil  96.3;  while  the  average  percentage 
>f  uiiUzaUon  of  lard  was  94.7,  and  of  the  hydrogenated  vegetable 
>il  93.35.  There  is  thus  seen  to  have  been  a  difference  of  less  than 
L5  per  cent  (0.45)  between  the  digestion  values  of  lard  and  the 
lydrogenated  vegetable  oil,  and  a  difference  of  slightly  more  than 

per  cent  (1.35)  between  their  respective  utilization  values. 
These  differences  arc  so  small  that  they  can  be  considered  to  be 
vithiu  the  limit  of  accuracy  of  the  experiment,  and  indicate 
ather  conclusively  that  as  a  food  for  rnan  the  hydrogenated  vege- 
able  oil  used  in  this  experiment  is  as  available  as  lard.  There  is 
ittle  reason  for  thinking  that  this  would  not  be  the  case.  On 
he  contrary  one  might  readily  suppose,  in  view  of  the  work  of 
^lunk^  and  Arnschink-  that  the  hydrogenated  vegetable  oil, 
v'hich  had  a  melting  point  of  about  36°C.,  woukl  have  been 
)etter  utilized  than  the  lard  which  melted  at  about  45°C.  The 
loseness  in  the  utilization  values  of  lard  and  the  hydrogenated 
'egetable  oil  might  possibly  be  explained  in  the  light  of  the  work 
)f  Bloor,^  which  showed  the  ability  of  the  intestine  to  transform 
-arying  fats  ingested  into  a  more  or  less  uniform  fat  suitable  for 
ise  by  the  organism. 

Different  invc^stiRiitors  hav-o  done  work  to  show  the  amounts  of  fat 
.bsorbed  by  both  man  and  animals.    Riibner"  has  shown  that  the  human 

•  Rubner,  M.,  Ztschr.  f.  Biol.,  1S70,  xv,  159. 
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intestine  can  absorb  over  300  gm.  per  day.   Voit'  demonstrated  that  o«^ 
of  350  gm.  of  fat  ingested  by  a  dog,  346  gm.  were  absorbed  from  the  int^^ 
tinal  canal.   Cammidge*  estimates  that  on  the  average  about  95  per  ce^^^ 
of  the  fat  of  a  mixed  diet  is  absorbed  by  healthy  adults,  and  that  from  1  - 
6  gm.  with  an  average  of  3  gm.  of  fat  appear  in  the  stools.   That  the  fo^^s 

in  which  the  fat  is  presented  has  an  influence  on  the  percentage  of  absor  ? 

tion  has  been  shown  by  Gaultier.*®  who  found  that  only  82.6  per  cent  of  Ss 
gm.  of  fat  as  bacon  was  utilized,  while  when  the  same  amount  was  giv^^-d 
as  milk,  96.7  per  cent  was  absorbed. 

In  our  experiment  the  percentages  of  digestion  and  utilizatiofl 
of  the  two  fats  (Table  IV)  agree  well  with  the  findings  of  other 
investigators.  The  average  amounts  of  total  fat  eUminated 
daily  were,  for  Subject  S,  4.20  gm.  (Period  I)  and  5.65  gm. 
(Period  II),  while  for  Subject  M  they  were  5.63  gm.  and  7.03  gm. 
respectively. 

Subject  S  gained  4  pounds  during  the  first  period  and  3.3 
pounds  during  the  second  period,  while  Subject  M  gained  4.7 
pounds  and  2.5  pounds  respectively  during  the  two  periods. 
This  gain  in  weight  was  apparently  due  to  the  large  quantitj^  of 
food  ingested,  as  this  amount  was  somewhat  greater  than  that  to 
which  either  subject  had  been  accustomed,  rather  than  to  any 
particular  influence  of  either  lard  or  the  hydrogenated  vegetable 
oil. 

In  connection  with  this  experiment,  the  work  of  Lehmann, "  a.s  well  as 
that  of  Thoms  and  Miiller,"  and  Sussmann,"  is  of  interest.  They  all  have 
shown  that  hydrogenated  vegetable  oils  (peanut  oil,  sesame  oil,  and  cotton- 
seed oil)  are  without  injurious  effects  when  ingested  by  dogs  and  human 
subjects,  and  that  these  hydrogenated  fats  are  efficiently  utilized.  Some 
of  the  findings  of  Thoms  and  Miiller  indicate  even  a  better  utilization  of 
the  hydrogenated  fats  than  lard.  As  concsrns  the  content  of  nickel  in  the 
hydrogenated  fats,  Lehmann  found  from  0.1  mg.  (minimum)  to  6.0  mg. 
(maximum)  of  nickel  per  kilo  of  the  hydrogenated  fat,  and  Thoms  and 
Miiller"  obtained  values  ranging  from  0.83  mg.  to  3.8  mg.  per  kilo  of  fat. 
Previous  investigations  by  Lehmann*"  have  shown  that  the  ingestion  of 
at  least  100  mg.  of  nickel  per  day  is  without  injurious  effects  to  man. 

»  von  Pettenkofer,  M.,  and  Voit,  C,  Zischr.f.  Biol.,  1873,  ix,  1. 
^  Cammidge,  P.  J.,  The  Faeces  of  Adults  and  Children,  Bristol,  1914^ 
262. 

Gaul  tier,  quoted  by  Cammidge,  loc  cit. 
"  Lehmann,  K.  B.,  Chem.  Ztg.,  1914,  xxxviii,  798. 
"  Thoms,  H.,  and  Muller,  F.,  Arch.  f.  Hyg.,  1915,  Ixxxiv,  54. 
"  Sussmann,  P.  0.,  Arch.  J.  Hyg.,  1915,  Ixxxiv,  121. 
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We  wish  to  take  this  opportunity  of  expressing  our  thanks  to 
Miss  Helen  E.  Gilson,  Dietitian  of  the  Jeflferson  Hospital,  for 
her  careful  and  accurate  work  in  the  preparation  of  the  mate- 
rials of  the  diets. 

CONCLUSION. 

The  hydrogenated  vegetable  oil  used  in  this  experiment  was 
as  satisfactorily  digested  and  utilized  hy  normal  men  as  was  lard. 


THE  CHLORIDES  IN  DIABETES  AFTER  PANCREA- 
TECTOMY. 


By  JAMES  ELAZER  LEBENSOHN. 
{From  the  Hull  Physiological  Laboratory,  University  of  Chicago.) 
(Received  for  publication,  November  3,  1915.) 

The  statements  in  the  literature  regarding  the  chloride  excretion  in  dia- 
betes are  conflicting.  Woodyatt  believes  in  increased  chloride  excretion 
because  of  the  increased  permeability  of  the  kidneys.  But  phlorbizin 
which  increases  the  permeability  of  the  kidneys  to  sugar  has  no  effect  on 
the  chloride  excretion.*  This  indicates  that  in  the  kidney  we  are  dealing 
with  specific  and  not  with  general  permeability.  One  may  also  reason,  in 
accordance  with  the  results  found  by  Rulon  and  Hawk*  in  the  normal  in- 
dividual, that  the  increased  water  ingestion  implied  by  the  polydipsia  of 
diabetes  would  tend  to  increase  the  elimination  of  chlorides.  Von  Noor- 
den'  states  that  the  excretion  of  chlorides  is  seldom  below  normal,  often 
running  high  with  the  nitrogen,  but  he  admits  that  the  difference  may 
merely  be  one  of  food  intake.  Ktilz,*  Tenbaum,*^  and  Moraczewski*  give 
data  indicating  that  the  excretion  is  largely  a  matter  of  individual  varia- 
tion. AUen^  asserts  that  no  difference  is  due  to  diabetes  per  se,  but  that 
the  increased  excretion  is  merely  due  to  the  increased  quantity  of  food 
eaten,  especially  protein.  Steinberg,*  working  in  this  laboratory  on  the 
gastric  juice  as  collected  from  Pawlow  pouches,  found  that  the  chloride 
content  remained  fairly  constant,  and  was  not  affected  by  the  diabetes 
after  pancreatectomy. 

On  the  other  hand,  a  belief  in  a  chloride  derangement  in  diabetes  is  not 
wanting.   Martin  Fischer"  has  recently  extended  his  colloid-chemical  the- 


»  Sollmann,  T.,  Am.  Jour.  Physiol,  1902-03,  viii,  155;  lOaS,  ix,  425,  434, 
454.    Solhnann,  T.,  and  Hatcher,  R.  A.,  ihid.,  1905,  xiii,  241,  291. 

«  Rulon,  S.  A.,  Jr.,  and  Hawk,  P.  B.,  Arch.  Int.  Med.,  1911,  vii,  53C. 

'  Von  Noorden,  C,  Metabolism  and  Practical  Medicine,  Chicago,  1907, 
iii,  613. 

*  Ktilz,  E.,  Beitrage  zur  Pathologic  und  Therapic  dcs  Diabetes  mellitus, 
Marburg,  1874,  130. 

*Tenbaum,  E.,  Ztschr.  f.  Biol,  1896,  xxxiii,  379. 

*  Moraczewski,  W.  v.,  Ztschr.  f.  klin.  ^fed.,  1898,  xxxiv,  59. 

'Allen,  F.  M.,  Studies  concerning  (llycosuria  and  Diabetes,  Boston, 
1913,  145. 

*  Steinberg,  personal  communication. 

*  Fischer,  M.  H.,  Jour.  Am.  Med.  Assn.,  1915,  Ixiv,  325. 
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ory  of  water  absorption  by  protoplasm  to  the  absorption  of  sodium  chWf  ^lo- 
ride.  He  found  that  gelatin  or  fibrin  previously  placed  in  acid  absorb^  — srbi 
more  sodium  chloride  than  when  not  so  sensitized.  On  this  basis  he  clainscir^iiD 
that  chloride  retention  follows  acid  accumulation  in  the  body,  and  cit»^;^  ^tc 
diabetes  among  his  typical  examples.  McLean^**  in  working  out  the  laws  »  < 
Ambard  on  the  excretion  of  sodium  chloride,  found  that  in  diabetic  p:^^  pi 
tients  sodium  chloride  was  excreted  in  about  half  the  cases  at  a  diminish».Mr^«h( 
threshold,  this  condition  being  the  more  constant  in  the  more  serious  cas^»,^s.se 
The  data  from  the  patients  examined  show,  however,  a  daily  chloride  e^»  e 
oretion  no  different  from  the  normal.  Rabens"  incidentally  found  in  e*=»  e 
amining  the  urine  of  dogs  before  and  after  complete  pancreatectomy  th^^M^^hi 
the  chloride  excretion  in  the  diabetic  condition  fell  to  about  ouzmi^zdjh 
seventh  of  that  found  when  normal.  He  cites  as  typical  that  a  dc^.f=do( 
which  when  normal  excreted  an  average  of  0.387  gm.  chloride,  aft^  .fte 
pancreatectomy  eliminated  an  average  of  0.054  gm.  These  data  are  »  es- 
pecially  interesting,  since  the  dogs  were  under  a  careful  regime,  receivlK  ^wfng 
a  constant  diet  of  beef  heart,  and  a  constant  amount  of  water  given  re^^  ^gu- 
larly  by  stomach  tube.  The  report  of  Verhaegen"  also  deserves  menti<^  Son. 
He  found  an  absence  of  hydrochloric  acid  in  the  gastric  contents  of  thr  ^siree 
human  diabetics  examined.  Other  clinicians,  on  the  contrary,  talk  ^=  of 
hyperacidity."  Of  further  interest  are  the  facts  that  intravenous  inj  ^t/ec- 
tion  of  sodium  chloride  produces  glycosuria;^*  and  that  intraperitoneal  in- 
jection of  large  doses  of  dextrose  increases  the  excretion  of  chlorides.**^^" 

EXPERIMENTAL  PROCEDURE. 

Operation. — The  diabetes  was  produced  in  dogs  either  by  total  pan» — ^re- 
atectomy  in  one  step,  or  by  removal  of  the  pancreas  in  two  stages  after  the 
method  of  H6don."  Where  the  pancreas  was  removed  at  one  operatio«:=3,  a 
small  portion  (less  than  one-tenth  of  the  whole)  was  left  in  communicafc;^  ion 
with  the  main  duct.  With  this  procedure  a  very  satisfactory  diabete-^  is 
produced  (Allen).   Some  of  the  postoperative  shock  may  be  thus  lesseacd, 
the  subsequent  life  of  the  animal  is  probably  lengthened,  and  for  a  t^ime 
better  digestion  secured.   At  the  first  stage  of  the  operations  done  accord- 
ing to  the  method  of  H6don,  all  the  pancreas  was  removed  except  the  tail, 
which  was  displaced  under  the  skin,  retaining  its  blood  supply.   A  drain- 
age  space,  provided  for  the  displaced  pancreatic  tissue,  is  carefully  kept 
aseptic  for  the  first  fcnv  days  after  the  operation.    Should  infection  occur, 


^°  McLean,  F.  C,  Am.  Jour.  Physiol.,  1914-15,  xxxvi,  357. 

"  Rabens,  I.  A.,  Am.  Jour.  Physiol.,  1914-15,  xxxvi,  294. 

^2  Verhaegen,  A.,  La  cellule,  1898,  xiv,  36. 

»3  Beveridge,  J.  W.,  Am.  Med.,  1914,  ix,  255. 

^*  Fischer,  M.  H.,  Arch.  f.  d.  ges.  Physivl.,  1905,  cix,  1. 

»5  Nobccourt,  P.,  and  Bigart,  Co?npt.  rend.  Sac.  de  bioL,  1902,  liv,  1403 

^•n^don,  E..  Arch,  intcrnat.  de  physioL,  1910-11.  x,  350. 
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le  region  about  the  transplanted  pancreas  shows  a  peculiar  digestion  with 
characteristic  odor,  and  the  animal  dies  in  36  to  72  hours  from  what  Kirk^^ 
fers  to  as  ''acute  pancreatic  death."  At  the  second  stage  of  the  opera- 
m,  the  pancreatic  transplant  was  removed  under  local  anesthesia.  In- 
tration  with  5  cc.  of  1  per  cent  cocaine  has  been  found  satisfactory. 
Diet  of  Dogs, — ^The  dogs  were  fed  on  a  standardized  diet  throughout 
le  experiment,  composed  of  two  parts  of  beef  heart,  trimmed  of  fat  and 
rerlying  connective  tissue,  and  one  part  (by  weight)  of  stale  bread,  thor- 
ighly  dried  in  the  room  2  or  3  days  before  use.  The  meat  and  bread  were 
parately  ground,  mixed  in  the  proper  proportions,  and  repassed  through 
le  grinder.  The  mass,  thus  prepared,  was  autoclaved  in  Mason  jars  at 
►  pounds'  pressure  for  30  minutes,  and  stored  in  the  refrigerator  until 
jed.  The  diet  was  found  to  keep  well  when  thus  handled.  After  careful 
eighing,  this  food  was  moistened  with  warm  water  and  served  to  the  dogs, 
id  w^as  usually  eaten  voraciously.  Generally  about  30  to  40  gm.  of  food 
ere  given  per  kilo  of  body  weight,  an  amount  found  easily  sufficient  to 
)ep  the  dogs  in  good  condition. 

Collection  of  Urine^  Feces,  and  Blood. — The  urine  was  collected  in  bottles 
'aining  the  metabolism  cages.   These  bottles  had  been  previously  washed 

thymol,  and  were  removed  every  24  hours.  The  urine  was  examined 
.ch  day  for  its  chlorine,  ammonia,  and  sugar  content. 

The  feces  were  collected  in  twenty-four  samples,  wrapped  in  paper, 
belled,  and  placed  in  a  wire  cage  to  dry.  They  wefle  not  examined  until 
me  time  after  the  work  on  the  dogs  had  been  finished,  when  they  were 
und  perfectly  dry,  and  in  good  condition. 

The  blood  was  obtained  from  the  saphenous  vein,  the  external  jugular, 
by  cutting  the  tail.  In  diabetic  dogs,  whene  the  blood  pressure  was  too 
w  for  these  methods,  the  blood  was  sometimes  drawn  directly  from  the 
jart.  For  the  determinations,  care  was  taken  to  secure  as  clear  serum 
possible. 

Chemical  Methods. 

Urine. — Chlorine  was  determined  by  the  Volhard-Harvey  titration 
ethod,  ammonia  by  the  Folin  aeration  method,  and  sugar  by  Benedict's 
lantitative  one-solution  method. 

Blood. — Chlorine  percentage  was  determined  by  the  method  recently 
iblished  by  McLean  and  Van  Slyke.*' 

Feces. — The  chloride  content  was  determined  along  the  lines  used  for 
>imal  products  by  the  Umted  States  Bureau  of  Chemistry."  10  gm.  of 
ilverized  dry  feces  were  thoroughly  impregnated  with  30  cc.  of  5  per 
mi  NaaCOs  in  the  nickel  crucible,  dried  on  a  water  bath,  and  ignited  thor- 


17  Kirk,  E.  G.,  Arch.  Int.  Med.,  1915,  xv,  39. 

"  McLean,  F.  C,  and  Van  Slyke,  D.  D.,  Jour.  Biol.  Chcm.,  1915,  xxi,  361. 
Official  and  Provisional  Methods  of  Analysis,  U.  S.  Dept.  of  Agricul- 
[re,  Bureau  of  Chemistry,  Bull.  107,  1912. 
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oughly  for  a  long  time  at  a  low  temperature;  the  ash  was  extracted  with 
water  and  nitric  acid,  and  the  chlorine  content  determined  by  the  Vol- 
hard-Harvey  method.  The  use  of  nitric  acid  avoids  a  heavy  precipitate 
of  phosphate  on  the  subsequent  addition  of  AgNOa  in  the  chloride  deter- 
mination. 

RESULTS. 

The  determinations  in  the  tables  represent  in  each  case  a  period 
of  consecutive  days,  and  it  is  the  average  of  each  period  that  is 
significant.  The  consideration  of  the  data  in  such  periods  insures 
just  comparisons.  The  daily  variations  are  due  to  the  fact  that 
the  24  hour  collections  of  urine  do  not  represent  in  each  case  a 
24  hour  kidney  excretion,  as  the  contents  of  the  bladder  would 
not  be  the  same  at  the  same  hour  each  day.  In  a  change  of  diet. 
3  days  were  allowed  for  complete  transition  before  the  data  were 
considered;  after  an  operation,  a  week  to  10  days,  so  that  the 
data  submitted  in  diabetes  may  be  considered  uncomplicated  by 
the  effects  of  the  anesthesia  or  convalescence. 

No  difference  can  be  found  to  exist  between  the  normal  and 
diabetic  dog  in  regard  to  the  chloride  elimination  (Table  I) .  Wliere- 
as  0.6256  gm.  was  the  average  of  the  chloride  excretion  in  the 
normal  condition  of  Dog  A,  0.6151  gm.  was  the  average  in  the 
diabetic  condition.  No  chloride  retention  occurs  in  the  diabetic 
dog  even  after  5  gm.  of  NaCl  are  added  to  the  diet,  the  added 
chloride  being  excreted  quantitatively.  With  the  withdrawal  of 
the  additional  NaCl,  the  chloride  excretion  returns  to  its  former 
level.  Aggravation  of  the  diabetic  condition  by  the  feeding  of 
sugar  produces  no  change. 

Table  II  presents  data  from  another  dog  with  the  same  nega- 
tive results.  A  study  of  the  feces  and  blood  showed  likewise  no 
change  between  the  diabetic  and  normal  condition. 

It  was  considered  interesting  to  see  whether  the  onset  of  dia- 
betes produced  any  change  in  the  chloride  metabolism.  Tlic 
data  were  taken  from  a  dog,  prepared  according  to  the  method 
of  H^don,  and  give  the  daily  chloride  excretion  before  and  after 
removal  of  the  graft  (Table  III).  The  results  were  again  nega- 
tive. 

Rabons  thought  that  the  reason  he  obtained  a  diminished  ex- 
cretion in  the  urine  of  diabetic  dogs  was  that,  because  of  the  poly- 
phagia and  increased  hunger,  more  hydrochloric  acid  was  formed, 
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and  this  passed  out  through  the  feces.  Such  an  h3rpothesis  is 
entirely  untenable,  since  even  with  an  added  ingestion  of  5  and 
10  gm.  of  NaCl,  the  chloride  content  of  the  feces  remained  at  an 
unchanged  low  value  (Table  IV). 

TABLE  in. 


Tfie  Chloride  RelaHana  at  the  Onset  of  Diabetes, 
{Dog  C,  Female,  6  Kg,,  with  Pancreatic  Oraft.   Fed  180  Gm,  Standardized 
Food,  with  6  Gm.  NaCl  Daily.) 
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TABLE  IV. 

T?ie  Chloride  Excretion  of  the  Feces  in  Diabetes. 
(Dog  B.) 
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5  gm. 

XaCl  added  to  diet. 

10  gm. 

XaCl  added  to  diet. 

Feces. 

a 

Feces. 

Cl 

Feces. 

Cl 

gm. 

percent 

gm. 

gm. 

per  cent 

gm. 

gm. 

per  cent 

gm. 

62.7 

0.134 

0.084 

52.0 

0.068 

0.035 

50.0 

0.177 

0.08.S 

64.0 

0.107 

0.068 

45.0 

0.053 

0.024 

28.8 

0.174 

0.050 

85.5 

0.076 

0.065 

25.0 

0.025 

0.011 

36.9 

0.129 

0.047 

50.2 

0.070 

0.035 

43.0 

0.091 

0.039 

50.2 

0.119 

0.061 

69.0 

0.070 

0.046 

86.0 

0.091 

0.078 

44.0 

0.080 

0.031 

102.0 

0.080 

0.087 

520  Chlorides  in  Diabetes  after  Pancreatectomy 


DISCUSSION. 

In  view  of  the  negative  effect  of  diabetes  on  chloride  metaM^  J 
lism,  how  are  we  to  explain  Rabens'  results  as  to  chloride  retm- 
tion?  Among  the  various  possibilities  one  might  suggest  t^Klh 
the  dogs  he  used  were  afflicted  with  some  form  of  pneumonia;  o 
that  his  results  are  due  to  the  giving  of  a  constant  quantity  a 
water  by  stomach  tube  throughout  the  experiment.  This  ei^'tu 
ficial  check  to  the  polyuria  of  diabetes  may  have  had,  by  sox»e 
means  or  other,  some  effect  on  the  chloride  excretion. 

Not  only  is  the  chloride  excretion  independent  of  diabetes  az/rf 
the  degree  of  glycosuria,  but  it  likewise  seems  to  bear  no  relation 
to  the  ammonia  excretion.  If  the  increased  ammonia  excretion 
in  the  diabetes  after  pancreatectomy  of  dogs  be  considered  an 
index  of  acidosis,  these  negative  findings  may  be  taken  as  failing 
to  confirm  Fischer's  theory  of  chloride  retention. 

That  ingestion  of  large  amounts  of  NaCl  does  not  change  the 
amount  of  chloride  excreted  in  the  feces  indicates  that  in  dia- 
betes after  pancreatectomy  there  is  no  change  in  the  chloride 
absorptive  power  of  the  intestine. 

CONCLUSIONS. 

1.  The  chloride  metabolism  of  dogs  in  diabetes  after  pan- 
createctomy does  not  differ  from  that  of  dogs  in  normal  condi- 
tion. 

2.  Likewise  no  change  occurs,  in  diabetes  after  pancre- 
atectomy, in  the  permeability  of  the  intestines  as  regards  the  ab- 
sorption of  chloride. 

I  am  indebted  to  Dr.  Carlson,  under  whose  direction  the  work 
was  undertaken,  for  suggestion,  aid,  and  inspiration  at  every 
stage  of  the  work. 


INDEX  TO  VOLUME  XXni. 


^BDERHALDEN  reaction,  377 

Acid-base  equilibria  in  the  blood 
after  parathyroidectomy,  89 

 ,  electrolytes  in  the  diffusion  of, 

into  the  egg  of  Fundulus,  139 

 ,  parabanic,  281 

 ,  uric,  content  of  blood,  effect 

of  ingested  purines  on,  147 

 ,  uric,  in  human  organism,  non- 

destructibility  of,  471 

Acids,  amino-,  analysis  of  proteins 
by  determination  of  chemical 
groups  characteristic  of,  411 

  and  ammonia,  excretion  of, 

after  parathyroidectomy,  123 

 .  cpimericmonocarboxylic  sugar, 

relation  between  configuration 
and  rotation  of,  145 

 .  normal  tridecylic  and  tctra- 

cosanic,  synthesis  of,  71 

Aldrich,  T.  B.  An  effective  appa- 
ratus for  evaporating  aqueous 
extracts  by  means  of  a  current 
of  air,  25.') 

 .  Relative  to  the  total  nitro- 
gen and  of-amino  nitrogen  con- 
tent of  pepsins  of  different 
strengths,  330 

Algae,  marine,  of  the  Pacific  Coast, 
complex  carbohydrates  and 
forms  of  sulphur  in,  287 

Aliphatic  amino  nitrogen,  micro- 
method  for  gasometric  deter- 
mination of,  407 

Allkn,  C.  H.  See  Levene,  Weht, 
Allen,  and  vax  der  Scheer,  71 

Alsberg,  Carl  L.  Note  on  the  re- 
duction of  oxyhemocj^anin  in 
the  serum  of  Limnlus  polyphc- 
mus  L.,  495 


Amino-acids,  analysis  of  proteins 
by  determination  of  chemical 
groups  characteristic  of,  411 

a-Amino  and  total  nitrogen  content 
of  pepsins  of  different  strengths, 
339 

Amino  nitrogen,  aliphatic,  micro- 
method  for  gasometric  determi- 
nation of,  407 

Ammonia  and  acids,  excretion  of, 
after  parathyroidectomy,  123 

 nitrogen  in  steer's  urine,  311 

Apparatus  for  evaporating  aqueous 
extracts  by  means  of  a  current 
of  air,  255 

Aqueous  extracts,  effective  appa- 
ratus for  evaporation  of,  by 
means  of  a  current  of  air,  255 

gAILKY,  C.  H.,  and  Blish,  M.  J. 
Concerning  the  identity  of  the 
proteins  extracted  from  wheat 
flour  l)y  the  usual  solvents,  345 

Biochemistry  of  iodine.  Distribu- 
tion of  iodine  in  plant  and  ani- 
mal tissues,  1 

Blatherwick,  \.  R.  Sec  Janney 
and  Blatuerwick,  77 

Blish,  M.  J.  See  Bailey  and 
Blish,  345 

Blood,  acid-base  equilibria  in,  af- 
ter parathyroidectomy,  89 

 fat.    Fat  absorption  and  blood 

lipoids,  317 

 serum  and  body  fat  of  the  hen, 

and  egg  yolk,  xanthophyll,  the 
principal  natural  yellow  pig- 
ment of,  261 

 ,  uric  acid  content  of,  effect  of 

ingested  purines  on,  147 


521 


522 


Index 


Bloor,W.R.  Studies  on  blood  fat. 
II.  Fat  absorption  and  the 
blood  lipoids,  317 

(^ALCIUM  in  permeability  and 

irritability,  423 
Cameron,  A.  T.   Contributions  to 

the  biochemistry  of  iodine .   II . 

The  distribution  of  iodine  in 

plant  and  animal  tissues.  Part 

11,1 

Carbohydrates,  complex,  and  forms 
of  sulphur  in  marine  algae  of  the 
Pacific  Coast,  287 

Cattell,  McKeen.  See  Loeb  and 
Cattell,  41 

Chemical  groups  characteristic  of 
the  different  amino-acids,  anal- 
ysis of  proteins  by  determina- 
tion of,  411 

Chlorides  in  diabetes  after  pancrea- 
tectomy, 513 

Clark,  Wm.  Mansfield.  A  hydro- 
gen electrode  vessel,  475 

Cochrane,  Donald  C.  The  deter- 
mination of  ammonia  nitrogen 
in  steer's  urine,  311 

Creighton,  H.  J.  M.  See  Harris 
and  Creiguton,  469 

Cuprous  oxide,  a  volumetricjnethod 
for  determining,  without  re- 
moval from  Fehling's  solution, 
81 

J) AVIS,  Marguerite.  See  Mc- 
Collum  and  Davis,  181,  231,247 

Denis,  W.  The  effect  of  ingested 
purines  on  the  uric  acid  content 
of  the  blood,  147 

Determination,  gasometric,  of  ali- 
phatic amino  nitrogen,  micro- 
method  for,  407 

 of  ammonia  nitrogen  in  steer's 

urine,  311 

  of  chemical  groups  character- 
istic of  different  amino-acids, 
analysis  of  proteins  by,  411 


Determination  of  reducing  sugars. 
A  volumetric  method  for  deter- 
mining cuprous  oxide  without 
removal  from  Fehling's  solu- 
tion, 81 

 of  urea  in  urine  by  the  urease 

method,  455 

Diabetes,  chlorides  in,  after  pan- 
createctomy, 513 

Digestibility  and  utilization  by  the 
human  body  of  lard  and  hydro- 
genated  vegetable  oil,  505 

gDESTIN.  Refractive  indices  of 
solutions  of  certain  proteins, 
487 

Egg  of  FunduliLSy  electrolytes  in  dif- 
fusion of  acid  into,  139 

 yolk,  body  fat,  and  blood  serum 

of  the  hen,  xanthophyll,  the 
principal  natural  yellow  pig- 
ment of.  The  physiological  re- 
lation of  the  pigment  to  the 
xanthophyll  of  plants,  261 

Electrode,  hydrogen,  vessel  for,  475 

Electrolytes  and  lipoid  solvents,  ef- 
fects of,  upon  osmotic  pressures 
and  viscosities  of  lecithin  sus- 
pensions, 359 

 in  the  diffusion  of  acid  into  the 

egg  of  Fundulus,  139 

 ,  influence  of,  upon  the  diffusion 

of  potassium  out  of  the  cell  and 
into  the  cell,  41 

Epimeric  monocarboxylic  sugar 
acids,  relation  between  configu- 
ration and  rotation  of,  145 

Epinephrin  and  pituitrin,  occur- 
rence of,  in  fetal  pituitary  and 
suprarenal  glands,  435 

Equilibria,  acid-base,  in  blood  after 
parathyroidectomy,89 

JTAT  of  blood.  Fat  absorption  and 

blood  lipoids,  317 
 of  body,  and  blood  serum  of  the 

hen,  and  egg  yolk,  xanthophyll. 


Index 


523 


the  principal  natural  yellow 
pigment  of,  261 

Fehling's  solution,  volumetric  meth- 
od for  determining  cuprous  oxide 
without  removal  from,  81 

Fetal  pituitary  and  suprarenal 
glands,  occurrence  of  pituitrin 
and  epinephrin  in,  435 

Fine,  Morris  S.  The  non-destruc^ 
tibilityof  uric  acid  in  the  human 
organism,  471 

FiSKE,  Cyrus  H.  The  determina- 
tion of  urea  in  urine  by  the 
urease  method,  455 

Fundulus,  egg  of,  electrolytes  in 
diffusion  of  acid  into,  139 

Funk,  Casimir,  and  Macallum, 
Archibald  Bruce.  Studies  on 
growth.  II.  On  the  probable 
nature  of  the  substance  pro- 
moting growth  in  young  ani- 
mals, 413 

(JASOMETRIC  determination  of 
aliphatic  amino  nitrogen,  micro- 
method  for,  407 

G astro-intestinal  studies.  Relative 
digestibility  and  utilization  by 
the  human  body  of  lard  and 
hydrogenated  vegetable  oil,  505 

GivENS,  Maurice  H.,  and  Hunter, 
Andrew.  Experiments  upon 
the  fate  of  ingested  sodium  nu- 
cleate in  the  human  subject,  299 

Glands,  fetal  pituitary  and  supra- 
renal, occurrence  of  pituitrin 
and  epinephrin  in,  435 

Glucose,  metabolic  relationship  of 
proteins  to.  Glucose  formation 
from  human  proteins,  77 

Growth,  essential  factors  in  diet 
during,  231 

 ,  resumption  of,  after  long  con- 
tinued failure  to  grow,  439 

 ,  studies  on.   Probable  nature 

of  substance  promoting  growth 
in  young  animals,  413 


J^ANZLIK,PaulJ.  SeeTHOBURN 

and  Hanzlik,  163 
Harris,  D.  Fraser,  and  Creighton, 

H .  J .  M .   The  time  required  for 
*  reduction  of  oxyhemoglobin  in 

vivo  J  469 

Hawk,  Philip  B.  See  Smith,  Mil- 
ler, and  Hawk,  505 

HoAGLAND,  D.  R.,  and  Lieb,  L.  L. 
The  complex  carbohydrates  and 
forms  of  sulphur  in  marine  al- 
gae of  the  Pacific  Coast,  287 

Hunter,  Andrew.  See  Givens 
and  Hunter,  299 

Hydantoin  derivatives  in  metabo- 
lism.   Parabanic  acid,  281 

Hydrogen  electrode  vessel,  475 

Hydrogenated  vegetable  oil  and 
lard,  relative  digestibility  and 
utilization  of,  by  human  body, 
505 

JODINE,  distribution  of,  in  plant 
and  animal  tissues,  1 

Irritability  and  permeability,  cal- 
cium in,  423 

JANNEY,  J.  H.,  Jr.  See  Wilson, 
Stearns,  and  Janney,  123 

J  ANNE  Y,  N.  W.,  and  Blatherwick, 
X.  R.  The  metabolic  relation- 
ship of  the  proteins  to  glucose. 
III.  Glucose  formation  from 
human  proteins,  77 

J^ARD  and  hydrogenated  vege- 
table oil,  relative  digestibility 
and  utilization  of,  by  Jiuman 
body,  505 

Lebensohn,  James  Elazer.  The 
chlorides  in  diabetes  after  pan- 
createctomy, 513 

Lecithin  suspensions,  effects  of 
electrolytes  and  lipoid  solvents 
upon  osmotic  pressures  and 
viscosities  of,  359 


THS  JOURNAL  OF  BIOLOGICAL  CHEMISTRY,  VOL.  XXIII,  NO.  2 


524  Index 


Levene,  p.  a.  The  relation  be- 
tween the  configuration  and  ro- 
tation of  epimcric  monocar- 
boxyiic  sugar  acids,  145 

 ,  West,  C.  J.,  Allen,  C.  H., 

and  VAN  DER  ScHEER,  J.  Syn- 
thesis of  normal  tridecylic  and 
tetracosanic  acids,  71 

Lewis,  Howabd  B.  The  behavior 
of  some  hydantoin  derivatives 
in  metabolism.  III.  Parabanic 
acid,  281 

Lieb,  L.  L.  See  Hoagland  and 
LiEB,  287 

Limulus  polyphemus  L.,  reduction  of 
oxyhemocyanin  in  serum  of,  495 

Lipoid  solvents  and  electrolytes,  ef- 
fects of,  upon  osmotic  pressures 
and  viscosities  of  lecithin  sus- 
pensions, 359 

Lipoids  of  blood  and  fat  absorption, 
317 

LoEB,  Jacques.  Calcium  in  permea- 
bility and  irritability,  423 

 .  On  the  r61e  of  electrolytes  in 

the  diffusion  of  acid  into  the  egg 
of  Fundulus,  139 

 .  The  salts  required  for  the  de- 
velopment of  insects,  431 

 ,  and  Cattell,  McKeen.  The 

influence  of  electrolytes  upon 
the  diffusion  of  potassium  out 
of  the  cell  and  into  the  cell,  41 

 ,  and  Wasteneys,  IIardolph. 

Note  on  the  apparent  change  of 
the  osmotic  pressure  of  cell  con- 
tents with  the  osmotic  pressure 
of  the  surrounding  solution,  157 

LosEE,  J.  R.  See  Van  Slyke,  Vin- 
ograd-Villchur,  and  Losee, 
377 

jyjACALLUM,  Archibald  Bruce. 
See  Funk  and  Macallum,  413 

McCoLLUM,  E.  v.,  and  Davis,  Mar- 
guerite. The  nature  of  the 
dietary  deficiencies  of  rice,  181. 


The  essential  factors  in  the  diet 
during  growth,  231.  The  cause 
of  the  loss  of  nutritive  efficiency 
of  heated  milk,  247 

McCord,  Carey  Pratt.  The  oc- 
currence of  pituitrin  and  epi- 
nephrin  in  fetal  pituitary  and 
suprarenal  glands,  435 

Mendel,  Lafayette  B.  See  Os- 
borne and  Mendel,  439 

Metabolic  relationship  of  the  pro- 
teins to  glucose.  Glucose  for- 
mation from  human  proteins, 
77 

Metabolism,  hydantoin  derivatives 
in.   Parabanic  acid,  281 

Micro-method  for  gasometric  deter- 
mination of  aliphatic  amino  ni- 
trogen, 407 

Milk,  cause  of  loss  of  nutritive  effi- 
ciency of,  247 

 ,  protein-free,  preparation  of, 

4d9 

Miller,  Raymond  J.  See  Smith, 
Miller,  and  H.\wk,  505 

Mitchell,  H.  H.,  and  Nelson,  R. 
A.  The  preparation  of  protein- 
free  milk,  459 

Monocarboxylic  epimeric  sugar 
acids,  relation  between  config- 
uration and  rotation  of,  145 

Monosaccharides,  higher,  configu- 
ration of,  327 

J^ELSON,  R.  a.  See  Mitchell 
and  Nelson,  459 

Nitrogen,  aliphatic  amino,  micro- 
method  for  gasometric  deter- 
mination of,  407 

 ,  ammonia,  in  steer's  urine,  311 

 ,  total,  and  a-amino,  content  of 

pepsins  of  different  strengths, 
339 

Nucleate,  sodium,  ingested,  in  hu- 
man subject,  299 


Index 


525 


^^IL,  hydrogenated  vegetable,  and 
lard,  relative  digestibility  and 
utilization  of,  by  the  human 
body,  505 

Osborne,  Thomas  B.,  and  Mendel, 
Lafayette  B.  The  resump- 
tion of  growth  after  long  con- 
tinued failure  to  grow,  439 

Osmotic  pressure  of  cell  contents, 
apparent  change  of,  with  os- 
motic pressure  of  surrounding 
solution,  157 

  pressures  and  viscosities  of 

lecithin  suspensions,  eflfects  of 
lipoid  solvents  and  electrolytes 
upon,  359 

OsTERHOUT, W. J. V.  Themeasure- 
ment  of  toxicity,  67 

Oxide,  cuprous,  a  volumetric  meth- 
od for  determining,  without  re- 
moval from  Fehling's  solution, 
81 

Oxyhemocyanin,  reduction  of,  in 
serum  of  Limulus  polyphemus 
L.,  495 

Oxyhemoglobin,  time  required  for 
reduction  of,  in  riro,  469 

pALMER,  Leroy  S.  Xantho- 
phyll,  the  principal  natural  yel- 
low pigment  of  the  egg  yolk, 
body  fat,  and  blood  serum  of 
the  hen.  The  physiological  re- 
lation of  the  pigment  to  the 
xanthophyll  of  plants,  261 

Pancreatectomy,  chlorides  in  dia- 
betes after,  513 

Parabanic  acid,  281 

Parathyroidectomy,  acid-base  equi- 
libria in  the  blood  after,  89 

 ,  excretion  of  acids  and  am- 
monia after,  123 

Peirce,  George.  The  configura- 
tion of  some  of  the  higher  mono- 
saccharides, 327 

Pepsins  of  different  strengths,  total 
nitrogen  and  a-amino  nitrogen 
content  of,  339 


Permeability  and  irritability,  cal- 
cium in,  423 

Pigment  (xanthophyll),  the  prin- 
cipal natural  yellow,  of  egg 
yolk,  body  fat,  and  blood  serum 
of  the  hen,  261 

Pituitary  and  suprarenal  glands, 
fetal,  occurrence  of  pituitrin 
and  epinephrin  in,  435 

Pituitrin  and  epinephrin,  occur- 
rence of,  in  fetal  pituitary  and 
suprarenal  glands,  435 

Polyphemus  L.,  LimnluSj  reduction 
of  oxyhemocyanin  in  serum  of, 
495 

Potassium,  influence  of  electrolytes 
upon  diffusion  of,  out  of  the  cell 
and  into  the  cell,  41 

Protein-free  milk,  preparation  of, 
459 

Proteins,  analysis  of,  by  determina- 
tion of  chemical  groups  charac- 
teristic of  different  amino-acids, 
411 

 extracted  from  wheat  flour  by 

usual  solvents,  identity  of,  345 

 ,  metabolic  relationship  of,  to 

glucose.  Glucose  formation 
from  human  proteins,  77 

 ,  refractive  indices  of  solutions 

of.    Edestin,  487 

Purines,  ingested,  effect  of,  on  uric 
acid  content  of  blood,  147 

J^EACTIOX,  Abdcrhalden,  377 
Rice,  dietary  deficiencies  of,  181 

gALICYL,  methods  for  the  quan- 
titative recovery  of,  from  urine 
and  other  body  fluids,  163 

Salicylates.  Methods  for  quanti- 
tative recovery  of  salicyl  from 
urine  and  other  body  fluids,  163 

Salts  required  for  development  of 
insects,  431 


526 


Index 


Scales,  F.  M.  The  determination 
of  reducing  sugars .  A  volume t- 
ric  method  for  determining  cu- 
prous oxide  without  removal 
from  Fehling's  solution,  81 

Schmidt,  Carl  L.  A.  The  refrac- 
tive indices  of  solutions  of  cer- 
tain proteins.  IX.  Edestin,487 

Senmi  of  blood,  and  body  fat  of 
hen,  and  egg  yolk,  xanthophyll. 
the  principal  natural  yellow 
pigment  of,  261 

 of  Ldmulus  polyphemus  L.,  re- 
duction of  oxyhemocyanin  in, 
495 

Smith,  C.  A.,  Miller,  Raymond  J., 
and  Hawk,  Philip  B.  Gastro- 
intestinal studies.  XI.  Studies 
on  the  relative  digestibility  and 
utilization  by  the  human  body 
of  lard  and  hydrogenated  vege- 
table oil,  505 

Sodium  nucleate,  ingested,  in  hu- 
man subject,  299 

Stearns,  Thornton.  See  Wilson, 
Stearns,  and  Janney,  123 

 .   See  Wilson,  Stearns,  and 

Thurlow,  89 

Sugar  acids,  epimeric  monocar- 
boxylic,  relation  between  the 
configuration  and  rotation  of, 
145 

Sugars,  reducing,  determination  of. 
A  volumetric  method  for  deter- 
mining cuprous  oxide  without 
removal  from  Fehling's  solu- 
tion, 81 

Sulphur,  forms  of,  and  complex  car- 
bohydrates in  marine  algae  of 
the  Pacific  Coast,  287 

Suprarenal  and  pituitary  glami», 
fetal,  occurrence  of  pituitrin 
and  epmcphrin  in,  435 

^ETRACOSANIC  and  tridccylic 
normal  acids,  .<?ynthe.sis  of,  71 


THOBURN,T.W.,andHANZLiK,  Paul 
J.  The  salicylates.  II.  Meth- 
ods for  the  quantitative  recov- 
ery of  salicyl  from  urine  and 
other  body  fluids,  163 

Thomas,  Adrian.  A  study  of  the 
•  effects  of  certain  electrolytes 
and  lipoid  solvents  upon  the 
osmotic  pressures  and  viscosi- 
ties of  lecithin  suspensions,  359 

Thurlow,  Madge  DeG.  See  Wil- 
son, Stearns,  and  Thurlow, 
89 

Tissues,  plant  and  animal,  distribu- 
tion of  iodine  in,  1 
Toxicity,  measurement  of,  67 
Tridecylic  and  tetracosanic  normal 
acids,  synthesis  of,  71 

IJREA  in  urine  by  the  urease  meth- 
od, determination  of,  45o 

Urease  method,  determination  of 
urea  in  urine  by,  455 

Uric  acid  content  of  blood,  effect  of 
ingested  purines  on,  147 

 acid  in  human  organism,  non- 

destructibility  of,  471 

Urine  and  other  body  fluids,  meth- 
ods for  quantitative  recovery  of 
salicyl  from,  163 

 ,  determination  of  urea  in,  by 

urease  method,  455 

 of  steer,  ammonia  nitrogen  in, 

311 

yAN  DER  SCHEER,  J.  See  Le- 
VENE,  We.st,  Allen,  and  van 
DER  Scheer,  71 

Van  Slyke,  Donald  D.  Correc- 
tion. Analysis  of  proteins  by 
determination  of  the  chemical 
groups  characteristic  of  the  dif- 
ferent amino-acids,  411 

 .   Note  on  the  micro-method 

for  gasometric  determination  of 
aliphatic  amino  nitrogen,  407 


Index 


527 


Van  Slyke,  Donald  D.,  Vinocjrad- 
ViLLCHUR,  Mariam,  and  Losee, 
J.  R.  The  Abderhalden  reac- 
tion, 377 

Vegetable  oil,  hydrogenated,  and 
lard,  relative  digestibility  and 
utilization  of,  by  human  body, 
505 

VixoGRAD-ViLLCHUR,  Mariam.  See 
Van  Slyke,  Vinograd-Vill- 
rnuR,  and  Losee,  377 

Viscosities  and  osmotic  pressures  of 
lecithin  suspensions,  effects  of 
lipoid  solvents  and  electrolytes 
upon,  359 

^Y^ASTENEYS,  Hardolph.  See 
Loer  and  Wasteneys,  157 


West,  C.  J.  See  Levene,  West, 
Allen,  and  van  der  Scheer,  71 

Wheat  fiour,  identity  of  proteins  ex- 
tracted from,  by  usual  solvents, 
345 

Wilson,  D.  Wright,  Stearns, 
Thornton,  and  Janney,  J.  H., 
Jr.  The  excretion  of  acids  and 
ammonia  after  parathyroidec- 
tomy, 123 

 ,    Stearns,    Thornton,  and 

Thurlow,  Madge  DeG.  The 
acid-base  equilii>ria  in  the  blood 
after  parathyroidectomy,  89 

XANTHOPHYLL,  the  principal 
natural  yellow  pigment  of  egg 
yolk,  body  fat,  and  blood  serum 
of  the  hen,  261 


JOURNAL  OF  EXPERIMENTAL 
PHYSIOLOGY 


Editors 


E.  A.  SCHAFER,  Edinburgh 
W.  D  HALLIBURTON,  London 


C.  S.  SHERRINGTON,  Oxford 
E.  H.  STARLING,  London 


A.  D.  WALLER,  London 


L.  IX 


No.  2 


^HAM  Brown,  T.    Studies  in  the  physiology  of  the  nervous  system. 
XXIII.    On  the  phenomenon  of  facilitation.    2.    Its  occurrence  in 


AHAM  Brown,  T.    Studies  in  the  physiology  of  the  nervous  system. 

XXIV.  On  the  phenomenon  of  facilitation.    3.    ^'Secondary  facilita- 
tion" and  its  location  in  the  cortical  mechanism  itself  in  monkeys    .    .  117 

uiAM  Brown,  T.    Studies  in  the  physiology  of  the  nervous  system. 

XXV.  On  the  phenomenon  of  facilitation.  4.  Its  occun-ence  in  the 
subcortical  mechanism  by  the  activation  of  which  motor  effects  are 
producecl  on  artificial  stimulation  of  the  **motor"  cortex  131 

tLER,  F.  R.,  and  Sfierrington,  C.  S.    Some  observations  on  the  bucco- 
pharyngeal stage  of  reflex  deglutition  in  the  cat  147 


response  to  subliminal  cortical  stimuli  in  monkeys 


101 


•s,  the  late  Lieut.  T.  A.    On  the  inhibitory  action  of  the  i)eripheral 


187 


jUuiBURTON,  W.  D.    The  death  temperature  of  nerve 


193 


Papers  for  pubHcation  may  be  sent  to  any  of  the  Editors 


The  subscription  to  each  volume  of  the  Journal  is  248.    (25s.  post  free) 


Charles  Griffin  and  Company,  Limited 
Kxeter  Street,  Strand,  London,  W.  C. 


THE  JOURNAL  OF  THE  ASSOCIATION  OF  OFFICIAL 
AGRICULTURAL  CHEMISTS 


Subscriptions  should  be  forwarded  at  once  if  you  wish  to  secure  a  complete  fil« 
have  a  limited  issue  of  the  first  number  on  hand,  and  the  demand  for  the  issue  is  ver 

The  Jo  CRN  A  L  is  issued  quarterly. 

Williams  &  Wilkins  Company 
2419-21  Greenmount  Avenue 
Baltimore,  Md.,  U.  S.  A. 

Please  enter  |  ^^JJ  subscription  for  the  Journal  op  the  AeaociAnoN  or  Oi 
Agricultural  Chemists.   Kindly  begin  subscription  with  the  present  volume. 

r  $4.00  (members)*  1 
Check  for  <  15.00  (non-members)  \  is  enclosed  to  cover. 
I  $5.50  (foreign)  J 

Signed  -..^  

Address  ™ 

Date   

Analytical   chenniats  connected  with  the  U.  S.  Depart-uent  of  Agriculture,  or  with  any  ftatc.  provindiL 
municipal  institution  or  \tody  in  North  America  are  gencndly  eligible  to  membonhip 

THE  JOURNAL  OF  PHARMACOLOGY  AND  EXPERIMENTS 

THERAPEUTICS 

A  SPECIAL  OFFER  TO  EXPERIMENT  STATIONS,  LIBRARIES, 
MEDICAL  MUSEUMS,  AND  INDIVIDUALS 

The  Journal  is  constantly  endeavoring  to  widen  the  scope  of  the  field  it 
Public  and  professional  libraries  realize  that  it  is  a  prolific  source  of  original  informal 
over  forty-two  (42%)  per  cent  of  our  total  subscriptions  are  derived  from  this  soan 
feel  every  inodical  college  should  receive  this  publication.  So  should  every  puUie  1 
To  the  experiment  stations  interested  in  the  breeding  of  animals,  it  contains  mil 
every  value. 

The  following!  very  liberal  offer  is  made  to  new  subscribers : 

We  offer  you  the  six  completed  sets,  toflether  with  volume  VII,  the  c 

issue,  and  volume  VIII,  for  $25.00.   The  usual  price  per  volume  is  $5.90,  or  IK 

the  eiftht  volumes.   There  are  only  a  limited  number  of  sets  to  dispose  of. 

A  period  of  six  months  to  make  a  settlement  will  be  allowed.    We  iu| 

you  order  today. 

The  JoruNAL  of  Piiakmacology  and  Kxtekimkntal  Therapeutics 
2419-121  (Jreenmount  Avenue 
Baltimore,  Md.,  U.S.A. 

\\V'  ^^^^^P^  yo»r  special  ofTer  of  S25.00  for  Volumes  I-VIII,  inclusive,  of  the  J 

ami  iis^TQo.  to  pay  for  .same  on  

Name  

Address  , 


Date 


Freas*  Electric 


Vacuum  Oven 


The  Freas*  Electric  Oven  fills  the  long-fclt  want  for  a  vacuum  oven  to 
maintain  any  desired  temperature  up  to  i8o°C,  and  which  can  be  relied 
upon  for  continuous,  unattended  operation.  Its  rugged,  durable  construc- 
tion, accuracy,  reliability,  convenience  and  ease  of  operation,  render  it  a 
most  excellent  vacuum  oven  to  meet  the  most  exacting  requirements  for 
research  purposes  and  industrial  operations. 

The  Freas'  Vacuum  Oven  is  being  used  with  satisfaction  in  Government 
Laboratories  (U.  S.  and  Foreign),  State  Food  and  Agricultural  Experiment 
Station  Laboratories,  also  in  numerous  Industrial  Laboratories. 

Priccy  complete  as  illustrated,  $250.00  net 
Write  today  for  descriptive  literature 

EIMER  m  AMEND 

(FOUNDED  1851) 

INDUSTRIAL  AND  EDUCATIONAL  LABORATORY  APPARATUS, 
CHEMICALS  AND  DRUGS 


NEW  YORK,  N.  Y. 

205  Third  Avenue 


PITTSBURGH,  PA. 

3006  Jenkina  Axc»d% 


CONTENTS. 


Kc'XK,  C'asimih,  and  Macalli  m,  Ahchibald  I3ruc'E.  Studies  on  growth.  II. 
On  the  probable  nature  of  the  substance  promoting  growth  in  young 

animals  413 

LoEB,  Jacques.   Calcium  in  permeability  and  irritability  423 

LoEB,  Jacques.   The  salts  required  for  the  development  of  insects   431 

McCoRD,  Carey  Pratt.   The  occurrence  of  pituitrin  and  epinephrin  in 

fetal  pituitary  and  suprarenal  glands   435 

Osborne,  Thomas  B.,  and  Mendel,  Lafayette  B.   The  resimiption  of 

growth  after  long  continued  failure  to  grow   439 

Fiske,  Cyrtts  II.   The  determination  of  urea  in  urine  by  the  urease  method. . .  45.5 
MiTOHBLL,  H.  IL,  and  Nelson.  II.  A.   The  preparation  of  protein-free  milk. . .  459 
Harris,  D.  Fhaser,  and  Crekjuton,  II  .J.  M,   The  time  required  for  reduc- 
tion of  oxyhemoglobin  in  v ivo   469 

Fine,  Morris  S.   The  non-dcstructibility  of  uric  acid  in  the  human  organ- 
ism.  Preliminary  communication   471 

Clark,  \Vm.  Mansfield.   A  hydrogen  electrode  vessel  475 

Schmidt,  Carl  L.  A.   The  rofractivc  indices  of  solutions  of  certain  proteins. 

IX.  Edestin   487 

Alsberg,  Carl  L.  Note  on  tlic  reduction  of  oxyhaemocyanin  in  the  scrum 

of  Limulm  pjlyphcmm  L  495 

Smith,  C.  A.,  Miller,  Raymond  J.,  and  Hawk,  Philip  B.  Gtistro-intcstinal 
studies.   XI.   Studies  on  the  relative  digestibility  and  utilization  by 

the  human  body  of  lard  and  hydroKcnated  vegetable  oil   506 

Lebensohn,  James  Elazeu.   The  chlorides  in  diabetes  after  pancreatec- 
tomy  513 


The  Journal  of  Biolooical  Chemistry  is  designed  for  the  prompt  publica- 
tion of  original  investigations  of  a  chemical  nature  in  the  biological  sciences. 
It  is  issued  monthlv.  Kach  volume  consists  of  as  many  numbers  as  are  required 
to  make  a  total  of  between  five  and  six  hundred  pages. 

The  price  of  The  Joc  rnal  to  subscribers  in  the  United  States  and  Canada 
is  $3.00  per  volume;  in  other  countries,  S3.25.  Remittances  should  be  made  by 
draft  or  check  on  New  York  or  by  postal  money  order,  payable  to  The  Journal 
OF  BiOLOQiCAL  CuEMiSTRY,  and  should  be  sent  to  241&-21  Grecnmount  Avenue, 
Baltimore.  Md.,  or  to  The  Rockefeller  Institute  for  Medical  Research,  66th 
Street  ana  Avenue  A,  New  York  C^ty. 

Dr.  Dakin  is  at  present  abroad.  Manuscripts  mav  be  sent  to  any  other  of 
the  editors.  Contributors  will  receive  100  copies  of  their  papers  free'of  charge, 
and  additional  copies  will  be  furnished  at  cost.  It  is  understood  that,  unless 
expressly  agreed  to  the  contrary,  all  manuscripts  submitted  to  The  Journal  or 
BioLoaicAL  Chemistry  shall  not  be  offered  tor  prior  or  simultaneous  publica- 
tion elsewhere. 

The  price  of  this  number  is  $1.00. 


f  CKl 


DAN  PEPIOD  1 


CHGfWISm  MBRARlL  J.28.Q 


ALL  BOOKS  MAY  BE  RECALLED  AFTER  7  DAYS 
Renewable  by  tdlephone 

DUE  AS  STAMPED  BELOW  " 


Of 


UNIVERSITY  OF  CALIFORNIA.  BERKELEY 
DRAA  NO.  DD5,  3m,  12/80        BERKELEY,  CA  94720 


